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TUBERCLE ENDOTOXOID IN THE TREATMENT OF TUBERCULOSIS 
IN SOUTH AFRICAN NATIVES! 


E. GRASSET 


Previous papers have dealt with the preparation of tubercle endotoxoid and 
the clinical results of treatment of tuberculosis (Grasset (1)) and described the 
first series of treatments carried out in 1933 on South African natives (Gras- 
set (2)). 

The susceptibility of African natives to tuberculosis and the rapid evolution 
of the “‘primitive type” of infection observed among these ‘‘virgin’”’ peoples are 
sufficiently known to need no further detailed comments here (see inter alia 
Bushnell (3), Cummins (4), Borrel (5), Léger (6) and Kleine (7)). 

Tuberculosis among South African natives has been the subject of extensive 
investigations by the Tuberculosis Research Committee, which have been incor- 
porated in a comprehensive report issued by the South African Institute for 
Medical Research (8), which includes previous official reports and to which we 
shall refer below. 

This “primitive stock” who only recently came into contact with the Koch 
bacillus, and amongst whom the disease runs a natural, uncomplicated course, 
constitutes therefore the most appropriate clinical material for studying the 
human response to an antituberculous treatment. 

Our early clinical series was carried out in 50 South African native miners, 
employed on the Witwatersrand gold mines and treated at the Witwatersrand 
Native Labour Association Hospital, Johannesburg, under the personal super- 
vision and medical control of Dr. A. I. Girdwood, Chief Medical Officer and a 
member of the Tuberculosis Research Committee. All these patients were 
proved to be suffering from acute pulmonary lesions, some associated with acute 
peritonitis. In all cases the clinical diagnosis was confirmed by radiographs and 
repeated findings of tubercle bacilli in the sputum. 

The severe type of tuberculous infection usually found among the natives on 
the Witwatersrand mines is reflected by the following data taken from the report 
of the Tuberculosis Research Committee. According to this report 15 to 25 
per cent of the tuberculosis cases are considered too ill to be moved and are 
kept at the W.N.L.A. Hospital. Another 30 to 40 per cent of the cases who are 
repatriated die within three months of leaving the Witwatersrand. As regards 
the time of survival of patients who die in the hospital the same report quotes 
(p. 113) figures referring to a series of 145 consecutive deaths from tuberculosis 
in four mine hospitals and estimates the average duration of disease as twenty- 
eight days. 

Postmortem examinations in several series of hundreds of autopsies indicate, 
in the large majority of cases, lesions of the acute caseating type of infection 
without any appreciable fibrotic reaction. Besides thoracic lesions, over 30 


1 From the South African Institute for Medical Research, Johannesburg, South Africa. 
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2 E. GRASSET 
per cent of the cases showed disseminated or miliary involvement of the abdomi- 
nal organs, especially of the spleen, liver, kidneys and various lymph nodes, 
chiefly “large packets of mediastinal nodes.” 

As related in our first report in 1935 (2), the influence of tubercle endotoxoid 
treatment within the three months following its institution resulted, in the large 
majority of this series of cases, in a gradual fall of temperature to normal, im- 
provement of the general condition, disappearance of night sweats and other 
toxaemic symptoms, and an increase in weight. These improvements were 
accompanied by a regression of the clinical signs, cough and expectoration. 
After the end of this short period of three months—the maximum time limit 
after which patients considered fit to travel have the right to be repatriated— 
34 per cent of these tuberculous natives already had sputum free from tubercle 
bacilli. In several cases, complicated by acute progressive tuberculous peri- 
tonitis, gradual resorption of the peritoneal fluid was observed, with disappear- 
ance of the abdominal symptoms. Several of these natives with negative sputum 
were sent back as a trial to moderate surface work on the mines. Periodical 
examinations during the following months confirmed the maintenance of the 
improvement in their condition, and certain of these boys terminated the full 
period of their year’s contract on the mine. 

Following this first clinical experience, several series of treatment of both 
Europeans and natives were organized in eight official hospitals and antituber- 
culosis institutions in South Africa, under the supervision of tuberculosis spe- 
cialists. A detailed account of the results of treatment with endotoxoid of 242 
patients during the period 1935-1938 has been published (Grasset (1)). 

Besides numerous series of treatments which have been carried out during the 
last few years on several hundreds of European patients in twenty-four civilian 
and military hospitals (limited chiefly to Africa as the result of the war) we have 
continued our clinical studies among natives with particular interest, for the 
reasons mentioned above. With the kind coéperation and interest of the medi- 
cal superintendents of native tuberculosis hospitals we were fortunate in being 
able to accumulate very valuable data concerning the clinical and anatomo- 
pathological aspects of the therapeutic influence of tubercle endotoxoid on the 
evolution of the various manifestations of the acute type of tuberculosis infec- 
tion in natives. 

From the technical point of view various improvements have been introduced 
during the past years in the preparation of tubercle endotoxoid. While the 
product used in our first series of treatments was obtained from a bovine tubercle 
bacillus strain, with a view to enhancing the specificity of the antigen in relation 
to the type of tubercle bacillus predominant in human infection we have used 
since 1938 selected strains of the human type of tubercle bacillus (including 
the human strain Saranac L—avirulent—kept on ox-bile medium from 1910 
to 1936 when it was received from the Pasteur Institute, Paris, and since sub- 
cultured on Sauton’s medium). 

The introduction, in 1939, of a new fraction ‘“N.A.C.”’ antigen in the product 
(consisting of a suspension of a killed tubercle strain, which, as a result of a 
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physical process, has spontaneously lost its acid-fast properties (Grasset (9)) 
resulted in a much earlier fibrosis and acceleration of the therapeutic action, 
particularly noticeable in native patients. 


DOSAGE 


At the beginning of our clinical trials in 1935 tubercle endotoxoid was injected 
weekly, beginning with 0.1 cc. and increasing by 0.1 cc. each week up to 1 ce. 
Since 1938 we have adopted a more accelerated and intense course of treatment, 
consisting of semi-weekly injections. The first week entails two subcutaneous 
injections of 0.05 cc., the second week two injections of 0.1 cc.; the dosage then 
increases by 0.1 cc. every week up to a maximum of 1.5 to 2.0 ce. in certain cases 
(that is, 0.2 and 0.2 cc. the third week, 0.3 and 0.3 cc. in the fourth week, and 
soon). The final dose of 2.0 cc. should, then, be repeated twice a week if neces- 
sary for several months, or only once a week, at the end of the treatment. 

In the majority of patients very mild reactions, or none, follow the injection 
of tubercle endotoxoid. In particularly allergic cases a somewhat more marked 
local reaction—oedematous or erythematous patch—may be observed, par- 
ticularly during the first weeks of the treatment. It may be accompanied by 
a slight rise in temperature of 0.5 to 1.0°F., during the twenty-four hours fol- 
lowing the injection. These reactions, which are of a benign nature, usually 
disappear during the course of treatment, apparently as a result of a process 
of desensitization, in spite of increasing dosage to 2.0 cc. 


CLINICAL CHANGES FOLLOWING TUBERCLE ENDOTOXOID TREATMENT 


As we have shown in previous papers, the therapeutic action of tubercle 
endotoxoid manifests itself both at the site of the lesions and in the general 
condition of the patients. In tuberculous natives treated with tubercle endo- 
toxoid the most frequent early change observed, in many cases after only a few 
weeks of treatment, is stabilization of weight, which after a continual drop 
remains stationary and soon begins to increase. Night sweats, which in some 
cases are very profuse, and also observed during the day, are among the first 
symptoms to decline and disappear, usually within a few months. 

Coughing attacks, often spasmodic, are gradually minimized. The heavy 
expectoration which as a rule accompanies these is often greatly reduced by 
half or more in volume during the two first months following instalment of the 
treatment, and the sputum subsequently becomes tubercle bacilli negative, and 
disappears altogether in a large proportion of cases with progression of endo- 
toxoid treatment. 

In febrile patients a gradual fall of the temperature is observed which coin- 
cides usually with the regression of the acute toxaemic symptoms and the reduc- 
tion of the pulse and respiration rates. Stabilization to normal is reached in 
most of the cases after a period of irregular temperature, the length of which 
varies according to the severity of the condition. In many patients with mod- 
erate bronchopneumonic infiltration, who run a temperature of 100° (a.m.) to 
102°F. (p.m.), apyrexia is often observed within three to six weeks. In more 
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extensive cases with large caseation, or of the miliary type, with steady tem- 
peratures of 103° to 104°F. for weeks, or swinging temperatures of 100° (a.m.) 
to 103°F. (p.m.), control of temperature, when obtained, is only observed after 
a period of two to three months, and usually shows a general lysis before reaching 
and remaining normal. 

In many cases radiographic examination, even after only three to four months 
of endotoxoid treatment, shows quite appreciable changes. In natives with 
early pulmonary lesions, localized infiltration or diffuse moderate infiltration, a 
gradual clearing is usually observed, often with discrete fibrotic reaction. Radio- 
graphs taken after six to twelve months’ treatment show, in most cases, the 
appearance of a healed condition, with limited sclerotic reaction or only in- 
creased pulmonary markings. In cases with more extensive infiltration or lesions 
already nodular, the first change observed is a sharper outline of the lesions as 
compared with the previous woolly, diffuse mottling, as a result of the clearing of 
the inflammatory process in the most recent infiltrated areas. Subsequent 
radiographs taken during the following months indicate a gradual transformation 
of the acute, rapidly spreading juvenile type of the infection into the chronic 
fibrocaseous or fibrotic type of the adult European, a transformation which under 
natural conditions and other types of treatment is but exceptionally observed 
among natives, more especially in so short a time. The following quotation, 
taken from the report of the Tuberculosis Research Committee, reflects the 
opinion of the Committee on this particular point (p. 169): “‘With the exception 
of a very few cases of the fibrocaseous tubercle referred to in the ‘acute’ section 
[of the report] tuberculo-silicosis furnishes the only cases of ‘chronic’ tuberculosis 
which we have seen amongst these mine-labourers.”’ 

This fibrotic reaction is considerably intensified during the following months of 
treatment and results in a gradual regression, reorganization and final healing of 
the lesions, the rapidity and limitation of the process depending on the severity of 
the damages done by the infection during the acute phase before treatment was 
instituted. This restoration process is also observed in more advanced cases, 
where rapid caseation, followed by breakdown of the lesions, often results in 
multiple cavitations. Cavities which before treatment presented ill-defined 
and ragged outlines, as is frequently the case in this acute type of infection, 
show a more regular shape and well circled walls after a few months’ treatment. 
This is followed in most of the small and medium size cavities by a gradual reduc- 
tion in size, resulting in many cases in their complete occlusion with fibrotic scar 
according to a healing process similar to that observed in Europeans undergoing 
endotoxoid treatment. It is, however, on the whole slower in asserting itself in 
native than in European patients. 

The whole occlusion and healing process is observed, in certain patients, within 
a period of from four to six months, for cavities of 2 to 3 cm. in diameter, as shown 
in the cases to be described in some detail and accompanied by X-ray photo- 
graphs. This occlusion process evidently does not apply to the large multiple 
or giant cavities found in certain natives at an advanced stage, and which result 
in some cases in spontaneous pneumothorax. 
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This type of advanced lesion is not infrequently seen in natives as a unilateral 
condition or accompanied by relatively discrete infiltration of the other lung. 
Postmortem examinations by the Tuberculosis Research Committee have shown 
that some of these severe unilateral types of infection of the acute confluent 
bronchopneumonic type result from the bursting of a caseous bronchopulmonary 
lymph node into the adjacent lung tissue or a bronchus followed by a massive 
caseation and extensive cavitation. Secondary contamination of the other lung 
is in these conditions usually observed at a later period, coinciding with the 
phase of breaking down and cavitation of the lesion in the primary infected lung, 
or as a result of haematogenous dissemination. Under the usual hospital treat- 
ment these cases run a fatal course, after spreading to the second lung. Tubercle 
endotoxoid given in a good number of these cases has proved, in the absence of 
other treatment, capable of influencing favorably the course of these severe forms. 

The therapeutic action observed in these cases is characterized by (1) the 
transformation of the acute caseous and ulcerative lesions into a chronic form, 
resulting in a massive fibrocaseous block with pachypleural reaction. Con- 
siderable reduction of the expectoration is usually observed as a consequence of 
this fibrotic transformation, and drying up of the cavities. (2) Check of the 
infection in the opposite lung. Where the infection has already spread to the 
other lung we have observed in a good many cases an actual clearing or fibrotic 
healing of early infiltration, while in others a considerable delay in the spread of 
the existing infection is observed. A record has been kept of a series of such 
patients, who in the absence of toxoid treatment were expected to die within a 
period of two to three months, but who are still alive after one or two years of 
endotoxoid treatment. These cases now present, clinically and radiographically, 
lesions quite comparable to those of long-standing chronic European cases. 
They are often in a very satisfactory general condition and have gained a con- 
siderable amount of weight. 

It should be said, en passant, that artificial pneumothorax, in the absence of 
tubercle endotoxoid, applied to such severe unilateral native cases, has proved, in 
the patients we have seen, unable to prevent or to check further extension of the 
infection in the other lung. On the contrary in a number of cases treated by our 
colleagues it appears to accelerate the rapidity of spread in the healthy lung, 
which becomes the site of an acute bronchopneumonic dissemination. Similar 
clinical observations have been reported by several American authors, referring 
to collapse therapy in American Negroes, such as Brock (10) who emphasizes the 
limitation of benefit of artificial pneumothorax in Negroes to early cases. The 
same opinion is expressed by Fisher (11). Although a believer in collapse 
therapy he selects his pneumothorax cases with great care, avoiding acute, 
rapidly spreading cases, and choosing only those cases who showed a certain 
degree of chronicity. Cutler, Rodgers and Cippes (12) also insist on the neces- 
sity of early collapse treatment in Negro patients, delayed treatment having 
proved especially disastrous. 

During the past four years we have tried, in collaboration with our colleagues in 
several native hospitals, combined collapse therapy and endotoxoid treatment 


n- 
er 
1g 
1s Re 
h 
a 
a 
l 
of ak 
t 
r 
1 
Ow. 
: 


6 E. GRASSET 
of native patients with pulmonary lesions at various stages of the infection, in- 
cluding advanced unilateral cases. But in all these cases artificial pneumothorax 
was installed only after several months of endotoxoid treatment. In the cases 
where collapse was still possible—for in many cases extensive fibrotic adhesions 
following toxoid treatment render these attempts impracticable—artificial 
pneumothorax appeared to be well tolerated and proved beneficial, apparently 
as a result of the increased specific resistance and anatomical changes in the 
type of lesions resulting from endotoxoid treatment. 


HISTOLOGICAL CHANGES 


The healing nature of the clinical and radiological changes observed in natives 
treated with tubercle endotoxoid is confirmed by histological examinations of 
postmortem material from tuberculous natives who died after having reached 
the chronic or quiescent stage, either from intercurrent disease or, in the cases 
with large cavities, from late complications such as haemoptysis. 

In contrast with the active soft type of lesions which are found in the acute 
control cases, characterized by tuberculous follicles in recently infected areas 
and confluent necrotic foci in the more advanced zones, a typical fibrotic reor- 
ganization of the lesions is observed, both macroscopically and microscopically, 
such as is found in chronic lesions in Europeans. The various steps in this 
healing process can sometimes be seen on the same histological preparation, show- 
ing fibrotic transformation at different stages: fibrotic infiltration from the 
periphery and penetration of the follicles by fibroblasts, up to the complete 
fibrotic reorganization of the lesion, following the disappearance of giant cells, 
and the presence of capillary supply vessels in between the reorganized follicles. 

The same curative healing process is found to extend to the lymph nodes as- 
sociated with the pulmonary lesions, or preceding them. As mentioned above, 
the tracheobronchial and bronchopulmonary nodes frequently become very 
much enlarged in the acute type of tuberculosis and appear at X-ray examina- 
tion, especially in children, as big masses bulging on the sides of the mediastinum. 
With the evolution of the infection they become the seat of caseation, as often 
observed at autopsy, and by bursting their bounds actually become in some 
cases the source of the pulmonary process of tuberculosis. 

In endotoxoid treated cases these large masses of lymph nodes gradually 
become smaller as evidenced by X-ray examination. They show a more definite 
outline and undergo a fibrotic, hard transformation. This process is well evi- 
denced in the cases of tuberculous native children, showing, beside mediastinal, 
other groups of lymph nodes affected, and easily accessible to clinical examina- 
tion, such as cervical and submaxillary nodes. After some months of endotoxoid, 
the soft, enlarged tender nodes become considerably smaller, harder and painless 
to palpation. Discharging sinuses, when present, gradually dry up and are 
replaced by fibrotic scars. 

This double healing process affecting the lung and lymph node lesions is well 
evidenced in the case of a native girl, Winnie. 
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TUBERCLE ENDOTOXOID 


CASE REPORTS 


Case 1: Native girl, Winnie, aged eight years. Before treatment she showed a central 
left lung lesion with cavity, positive sputum; negative Wassermann. There was large 
mediastinal adenopathy, bulging on each side of the trachea and of the hilum (see figure 
1, October 23, 1939). Fibrotic healing of the lung lesion with occlusion of the cavity and 


Fic. 1 (Upper left). Case 1. X-ray taken October 23, 1939 
Fic. 2 (Upper right). Case 1. X-ray taken March 9, 1940 
Fic. 3 (Center). Case 1. X-ray taken March, 1942 
Fie. 4 (Lower left). Case 2. X-ray taken February 6, 1942 
Fic. 5 (Lower right). Case 2. X-ray taken April 14, 1942 
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considerable regression of the nodes is evidenced by a radiograph taken in March, 1940 
(figure 2) after six months’ endotoxoid treatment. The sputum was now negative and 
there was an increase of 17 lbs. weight from November, 1939 to July, 1940, and retro- 
gression of the enlarged cervical and submaxillary nodes. Further steps in the healing 
process are seen in a radiograph taken three years later in March, 1942 (figure 3), showing 
sclerosis of the lesions and calcification of the lung scar and of the hilar nodes, coinciding 
with excellent general condition and normal weight increase. 


A similar therapeutic action is illustrated by the following case: 


Case 2: Native girl, Elain, aged six years. She was hospitalized for increasing signs 
of dyspnoea during the months before admission. The Wassermann examination was 
negative. Radiographic examination (figure 4) proved these cardiac symptoms to be 
due to a very considerable enlargement of the mediastinal and tracheobronchial lymph 
nodes. In a radiograph (figure 5) taken after less than four months of tubercle endo- 
toxoid treatment a considerable reduction of the size of the nodes was already observed, 
evidenced by the return of the lateral outlines of the mediastinum to within normal 


limits and definite signs of sclerotic transformation of the left hilar nodes. 


As further evidence of the therapeutic influence exercised by tubercle endo- 
toxoid in cases of tuberculosis among South African natives, we shall refer in 
some detail to a series of six native hospital female nurses. All of them had come 
into contact with native cases of open tuberculosis during their training in the 
hospital or in the course of their public health duties. This series is particularly 
interesting for it emphasizes the endotoxoid action at various stages of the disease. 

In case 3 infection was detected at a relatively early stage, with limited uni- 
lateral infiltration and early signs of cavitation. Cases 4 and 5 presented acute 
lesions at a more advanced stage, mainly unilateral, but already with definite 
cavitation; while cases 6, 7 and 8 had far advanced, extensive, bilateral lesions 
with multiple, large cavitations. They were all treated during the same period, 
1939 to 1942, in the same ward. Besides hospital rest day and night on an open 
verandah, substantial well balanced food, malt and codliver oil and general 
stimulants, the only treatment to which they were submitted was tubercle 
endotoxoid vaccine. 

The individual case reports of the patients will be summarized below. While 
radiographs were taken for each case at six-weekly to two-monthly intervals and 
radiographic reports will be referred to in the text, owing to present circumstances 
we have had to limit reproduction of X-ray films to certain of these casesonly, 
and to radiographs corresponding usually to the beginning and end of treatment, 
completed in some cases with one taken at a later date. 


Case 3: Native female nurse, Rosina M., aged twenty-four years. This patient, who 
was of a strong constitution, had worked for the last four years in the Non-European 
Hospital, Johannesburg, where she was for long periods in contact with natives suffering 
from pulmonary tuberculosis. She was admitted to the hospital on January 17, 1940, 
a month after the appearance of the first lung symptoms in December, 1939, when she 
had developed a “cold” and started to cough. The cough improved but the patient 
remained tired and lost 12 lbs. weight in four weeks (143 Ibs.). The temperature and 
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pulse and respiration rates were normal. Clinical examination revealed an impaired note 
in the right apex, confirmed by X-ray examination, showing a patch of infiltration at 
the level of the third rib and suspicious signs of early cavitation. The sputum, negative 
for tubercle bacilli in January, 1940, became positive at the end of February. The 
Wassermann test gave negative results. 

Tubercle endotoxoid was started on February 5, 1940, and continued according to the 
normal scheme of half-weekly injections from 0.05 up to 1.0 cc., followed by half-weekly 
injections of the last dose. The temperature remained normal and the general condition 
improved with a steady increase of weight during the following months. Pulmonary 
symptoms subsided, with very little or no sputum. The last sputum positive for tubercle 
bacilli was on May 15, 1940 after which the patient did not expectorate. After four 
months of treatment (June, 1940) the patient had gained 27 Ibs. (from 150 to 177 lbs.) 
with very good general condition and no cough or sputum. At X-ray examination the 
signs of early cavitation had disappeared, with only a few suspicious signs of infiltration 
remaining at the site of the lesion, the left lung being normal. The patient left the 
hospital at her own request to convalesce in Basutoland Native Territory, where she was 
examined periodically at the Morija Hospital. She remained in good health for five 
months. In November, 1940 she started coughing again and lost weight. She was 
sent back to the Johannesburg Hospital. There was very scanty sputum but it was once 
again positive for tubercle bacilli. X-ray examination showed very little change. The 
patient was submitted to a second course of tubercle endotoxoid from October 8, 1940. 
This was followed by a rapid clinical improvement and negative sputum after a month’s 
treatment. X-ray photographs taken in January, 1941, after three months’ treatment, 
showed no evidence of active tuberculosis, but only increased markings. Weight was 
again up to 179 lbs. (higher than ever before). The patient was discharged and sent to the 
Bridgeman Native Maternity Hospital, where she is doing clerical work. She continues 
to receive weekly injections of tubercle endotoxoid and comes periodically to the Johan- 
nesburg General Hospital for examination. The last examination in July, 1942, that is, 
eighteen months after discharge, showed the maintenance of progress and weight increase. 
An X-ray examination on July 24, 1942 shows no signs of active tuberculosis and increased 
fibrosis at the site of the lesion, now healed. 


Case 4: Native female nurse, Millicent T., aged thirty-three years. This patient had 
worked for the last seven years at the Bridgeman Native Maternity Hospital. In April, 
1940, that is, six months before admission, she started coughing, with pain in the left 
side. Her temperature was up to 101°F., followed by loss of weight in the succeeding 
months. She was admitted to the Rietfontein Native Tuberculosis Hospital (a country 
hospital near Johannesburg) on November 21, 1940. Radiographic examination (figure 
6) confirmed the clinical diagnosis of tuberculosis infiltration throughout the left lung. 
This was more accentuated in the upper lobe, with a thin wall cavity of 2.5 cm. diameter. 
The sputum was positive for tubercle bacilli and the Wassermann test was negative. 
(Weight 124 Ibs.) 

After three unsuccessful attempts at artificial pneumothorax, tubercle endotoxoid 
was started on December 18, 1940 and the dosage increased up to a maximum of 0.7 ce. 
in four months. In spite of this somewhat low dosage, treatment resulted in a gradual 
improvement of the general condition, with an increase in weight from 124 to 140 Ibs. in 
seven months. Clinical signs subsided favorably, with only scanty sputum which was, 
however, occasionally positive. An X-ray photograph taken in June, 1941 (figure 7) 
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Fic. 6 (Upper left). Case 4. X-ray taken January 22, 1941 
Fic. 7 (Upper right). Case 4. X-ray taken June 27, 1941 
Fig. 8 (Center left). Case 4. X-ray taken December 13, 1941 
Fic. 9 (Center right). Case 5. X-ray taken October 2, 1941 
Fic. 10 (Lower left). Case 5.. X-ray taken March 27, 1942 
Fig. 11 (Lower right). Case 5. X-ray taken October 13, 1942 
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showed regression of the infiltration of the left lung with definite fibrotic reaction. The 
cavity was nevertheless still present without sign of occlusion. The patient was transferred 
to the Non-European Hospital, Johannesburg, with a view to eventual thoracoplasty. 
However, considering the improvement already obtained with the first incomplete course 
of endotoxoid, it was decided to continue the treatment for a few months before resorting 
to surgical intervention. 

Tubercle endotoxoid was therefore continued for five months—from July 3, 1941 to 
December 9, 1941—twice weekly, in increasing doses up to 2 maximum of 1.0 cc. During 
this period the condition steadily improved and weight showed a further increase of 
27} lbs., from 140 to 167} lbs., and an increase of 47 lbs. from the beginning of treatment. 
Periodic radiographs showed a further regression of the left lung infiltration, while the 
cavity appeared smaller in size. On X-ray examination (figure 8), taken in December, 
1941, at the end of the patient’s stay in the hospital, there was no more radiological 
evidence of cavitation, which was replaced by a fibrotic sear. The wide-spread infiltra- 
tion in the left lung had also disappeared, and was replaced by increased marking. Calci- 
fied nodules were seen in the left and right hila. The last scanty positive sputum was 
obtained in November, 1941, after which the sputum became negative and soon disap- 
peared completely. 

The patient was discharged in December, 1941, for a period of two months’ convales- 
cence, after which she started clerical work at the Bridgeman Hospital where she con- 
tinues to receive weekly injections of endotoxoid. Periodic X-ray examinations during 
the last twelve months attest to further fibrotic reaction of the healed lesion, coinciding 
with a good general condition, absence of any chest symptoms and a further increase 
of 4 lbs. since the patient left the hospital, that is, a total of 47 lbs. since the beginning of 
endotoxoid treatment. 


Case 5: Native female nurse, Adelaide M., aged thirty-one years. Patient had been a 
public health nurse in a Johannesburg native township for the last three years. In 
September, 1941 she had a “cold’’ with cough and a little expectoration, with a few sputa 
stained rusty with blood. During the following weeks she complained of pain on the left 
side of the chest and of tiredness, accompanied by night sweats and loss of weight. Spu- 
tum was examined and found to contain tubercle bacilli. Findings on admission to the 
hospital October 2, 1941 were: day temperature subnormal, evening temperature 99°F.; 
X-ray examination showed a mottled infiltration in the left mid-upper zone, with a 
cavity 2.5 by 3.0 cm. in diameter; right lung normal (figure 9); weight 106 lbs.; slight 
anaemia, 3,910,000 red cells, 7,400 leucocytes; neutrophilic leucocytes with marked shift 
to left, about 20 per cent of them showing toxic granulations. 

A course of tubercle endotoxoid was started October 5, 1941, followed by the usual 
0.1 cc. increase up to 1.4 cc., without any undue reaction. During the two months 
following the beginning of treatment the cough lessened considerably, night sweats 
disappeared and a general improvement was observed. The weight increased steadily 
from 106 lbs. on November 5 to 125 lbs. on December 12 and 149 Ibs. on March 3, 1942. 

A radiograph taken in December, after two months of endotoxoid injections, already 
showed considerable improvement as compared with the radiograph taken on October 2. 
The cavity was reduced to 2 cm. diameter and was more regular in shape, with fibrotic 
reaction in the neighboring zone. Another radiograph taken three months later in March, 
1942 (figure 10) did not show any sign of cavitation, which was replaced by fibrotic tissue 
extending as far as the middle zone of the lung, where infiltration was previously present. 
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Pain in the chest had also completely gone. Within six weeks the expectoration dropped 
from 3 oz. daily in October to 1.5 oz. and the sputum contained only scanty tubercle 
bacilli in December. Since January, 1942 all sputa tested have remained negative. 

The patient was discharged in April, 1942, after six months’ treatment, at her own 
request. Since she is carrying on with household duties, tubercle endotoxoid treatment 
is continued at the Outpatient Department (half-weekly injections of 2 cc.). Later 
radiographs taken six and nine months after discharge show no signs of activity and 
there is increased fibrosis at the sites of the healed lesion (figure 11). The patient is in 
very good condition and has gained another 6 lbs.—altogether 49 lbs. in twelve months. 
Thus in six months’ endotoxoid treatment in this native patient there is the complete 
occlusion of a fairly large cavity with fibrotic healing of the lesion of the same character 
as is observed in Europeans, negative sputum and also rapid improvement of the general 
condition and 49 lbs. increase in weight. 


Case 6: Native female nurse, Daisy R., aged thirty years. First signs of tuberculous 
infection were noticed in December, 1939, when patient was attending tuberculous native 
patients in a location clinic. After an attack of influenza she had an haemoptysis. 
Sputum was found to be positive. Radiological examinations indicated a patchy in- 
filtration of the upper and middle zones of the right lung. The sedimentation rate (June 
8, 1940) was lhr.14.5 min. The patient was started on endotoxoid treatment on June 4, 
1940 but received injections for only one month up to 0.4 cc. As she was then apyretic 
with negative sputum and was feeling better she refused further hospital treatment and 
went home. 

After four months there was again a loss of weight and appetite, followed by the 
reappearance of positive sputum. The patient was readmitted to the hospital May 9, 
1941. A radiograph showed a dense infiltration at the right apex with small cavitation; 
also a cavity of 3 by 2.5 cm. in the right hilar area. There was early infiltration in the 
middle and lower zone (figure 12). There was a loss in weight of 10 lbs. 

Tubercle endotoxoid treatment was started anew in the middle of May up to 1.0 cc. 
half-weekly. The improvement observed during the next months was nullified by a 
severe set-back in September, with reactivation of the infection, following a chill, with 
the temperature up to 102°F. for three weeks. A radiograph taken then showed active 
tuberculous changes involving the whole of the right lung; the cavity at the hilum was 
also bigger (3 by 3.5 cm.) and there was recent extension of the infection to the lower 
half of the left lung. Endotoxoid treatment was nevertheless continued with increased 
dosage to 1.3 cc. half-weekly. In spite of this new recrudescence the condition of the 
patient generally improved again, as shown in a radiograph taken three months later in 
November, 1941. The cavity in the right upper lobe was smaller in size. Fibrotic 
changes were present in the upper and middle right zone, and the heart was pulled to the 
right. Increased fibrosis was observed during the following months together with further 
regression of the size of the cavities. In a radiograph taken in February, 1942 the large 
subclavicular cavity could no longer be traced. | 

A later radiograph taken in April, 1942 (figure 13) gives, on the whole, the appearance 
of a quiescent healing condition. There is very marked fibrosis throughout the whole 
right lung field, with thick fibrotic bands in the hilum; the cavity at the right apex is 
surrounded by fibrotic tissue and reduced in size; there are numerous fibrotic nodules 
at the base. In the left lung scattered fibrotic nodules in the middle and lower zone 
have replaced the infiltration previously observed. Heavy fibrotic marking and fibrotic 
lymph nodes are present in the hilum. The patient’s general condition also improved 
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Fig. 12 (Upper left). Case 6. X-ray taken May 3, 1941 


Fic. 13 (Upper right). Case 6. X-ray taken April 5, 1942 
Fic. 14 (Center left). Case 6. X-ray taken October 12, 1942 
Fig. 15 (Center right). Case 9. X-ray taken July 16, 1941 
Fic. 16 (Lower left). Case 9. X-ray taken January 7, 1942 
Fia. 17 (Lower right). Case 9. X-ray taken April, 1942 
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considerably; cough and pain in the chest disappeared and there was a weight increase 
of 8lbs. Sputa have remained negative during the last four months. 

The patient was sent on two months’ holiday and was afterwards transferred for 
convalescence to the Rietfontein Country Hospital where she continued to receive 
tubercle endotoxoid treatment for three months and was then discharged. 

Clinical, radiological and sputum examinations made during the last six months 
confirm this consolidation of the progress. Radiologically, further steps in the healing 
process are very marked—disseminated fibrosis in both lung fields (figure 14, October 12, 
1942). This case is particularly interesting because of the delay in the progressive 
evolution following the first incomplete course of endotoxoid, and the fibrotic healing 
after full toxoid treatment, which, in spite of severe reactivation of the lesions, resulted in 
massive fibrosis similar to that observed in Europeans, with occlusion of a relatively 
large cavity, and partial occlusion of the other one, coinciding with negative sputum. 


Case 7: Native female nurse, Jemima, aged twenty-three years. This patient had been 
carrying out various native hospital duties during the last two years. The first symptoms, 
a year before admission, after a cold were a pain in the chest and back, coughing, night 
sweats and continuous loss of weight (32 lbs. within three months). The sputum was 
found to contain tubercle bacilli. On admission to the hospital (October 30, 1941) she 
was apyretic with pulse 90 to 100, respiration 20 to 22, cough, heavy expectoration, profuse 
night sweating, also present during the day. Weight was 112 lbs. as compared with 140 
lbs. before illness. A radiograph shows advanced bilateral tuberculosis; extensive and 
dense infiltration involving the whole of both lung fields and condensation in some areas 
into fine nodular disseminations. A large cavity (6.0 by 5.0 em.) occupies half of the up- 
per lobe of the right lung and appears to communicate with a second smaller cavity 
(4.0 by 2.5 cm.) of irregular outline and very close to the hilum. A blood count was as 
follows: 3,800,000 red cells; 83 per cent haemoglobin; 9,700 leucocytes; 65 per cent poly- 
morphonuclears; 30 per cent lymphocytes; 4 per cent eosinophils; 1 per cent metamyelo- 
cytes; marked shift to the left of the polymorphonuclears; sedimentation 53 mm.; packed 
red cells 35 mm. 

Tubercle endotoxoid was started November 7, 1941, according to the usual scheme 
up to 1.5 ce. in March, 1942. During the four months’ treatment the temperature re- 
mained normal or subnormal; the general condition gradually improved and weight 
increased steadily from 112 lbs. (November 7, 1941) to 123 lbs. (January 14, 1942), 129 
lbs. (February 14, 1942) and 132 lbs. (March 3, 1942). Examination of the patient on 
March 13, 1942, after four months’ treatment, indicated, besides the 20 lbs. increase 
in weight, a very marked improvement in the general condition. Sweatings had com- 
pletely disappeared during the last two months, the cough had lessened and the amount 
of sputum was reduced by two-thirds, although it still contained tubercle bacilli. 

A radiograph taken March 5, 1942 showed regression of the dense, extensive infiltra- 
tion and of the fine nodular lesions observed in the November radiograph in both lungs. 
They were now replaced by fewer widely distributed patches with sharper fibrotic outline. 
Between these the pulmonary field appeared much clearer. The large cavity of the right 
upper lobe was slightly bigger, while the cavity near the hilum was reduced by half and 
was of more regular and sharp outline. 

The severe prognosis made at the beginning of the treatment appeared, on the strength 
of this improvement, to give hope for further fibrotic transformation of the originally 
acute type of infection into the fibro-caseous European-like type, as observed in some 
similar advanced native cases. Unfortunately on March 21 the patient started coughing 
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half clotted blood. Repeated injections of 20 cc. caleium giuconate, coagulene Ciba and 
morphia during the next two days appeared to control bleeding. Forty-eight hours later 
the patient had a massive haemoptysis, followed by death in a few minutes. 


Such an accident, although far less frequently observed among endotoxoid 
treated patients than among control advanced cases, is always to be feared and 
remains a threatening complication in cases with large cavities, such as the 
present one. This rapid bleeding to death as observed in this patient, notwith- 
standing definite fibrotic reaction of the lesions, is usually the result of the ulcera- 
tion of a large denuded blood vessel into a cavity. Pneumothorax, when it can 
be used, constitutes the only preventative or tentative urgency measure in such 
instances. In many endotoxoid patients, this cannot be accomplished due to 
adhesions. As far as thoracoplasty is concerned most natives object to major 
surgical chest intervention. 


Case 8: Native female nurse, Jessie, aged forty years, had several years of nursing in 
different native hospitals. The first clinical symptoms appeared early in 1938. There 
were persistent cough and pain in the left side of the thorax, followed by a few blood-stained 
sputa in March. A radiograph taken May 20, 1938, showed active infiltration of the 
whole left lung; the right lung was normal. The sputum was positive for tubercle bacilli 
and the Wassermann test negative. The patient was admitted May 30, 1938 to the 
Rietfontein Native Hospital where she was submitted to a course of gold treatment (3.5 
g. sanocrysin) and artificial pneumothorax during six months. She left the hospital 
November 17, 1938 much improved; she had gained 10 lbs. in weight and had negative 
sputum. She called at the hospital until August 9, 1939 for refills and continued her 
original maternity nursing for one year. In June, 1940 she gave birth to twins. During 
pregnancy she began to notice a loss of weight and during the months following confine- 
ment there was a reappearance of pulmonary symptoms, coughing and sputum, ac- 
companied by further loss in weight (10 lbs.). Patient was admitted to the Non-European 
Hospital, Johannesburg on November 13, 1941. Her temperature was from subnormal 
to 99°F. in the evenings. There was cough and sputum with scanty tubercle bacilli; 
weight was 108 lbs. X-ray examination revealed extensive bilateral lesions. The upper 
half of the left lung was occupied by several large cavities, closely adjacent to each 
other. All the rest of the lung field showed extensive mottling with marked loss of 
translucency of the base. The right lung showed infiltration throughout the whole field, 
with more accentuated mottling of the base and apex. 

Tubercle endotoxoid was started November 18, 1941 in the usual half-weekly scheme, 
beginning with 0.05 cc. to reach 1.5 cc. after five months. During this period the tem- 
perature remained normal, with an occasional rise to 99 and 100°F. There was a gradual 
increase in weight in spite of frequent gastrointestinal troubles. (Stools were examined 
but did not contain tubercle bacilli.) There was a dry unproductive cough and expectora- 
tion became limited to a few sputa per day, which intermittently contained tubercle 
bacilli until the beginning of March, after which all sputa examined were negative. 
Examination of the patient at the beginning of May, that is, after five and a half months 
of endotoxoid treatment, indicated a marked improvement. There was a weight increase 
of 64 lbs. coinciding with a better condition, dry unproductive cough, and negative spu- 
tum for the two previous months. An X-ray film taken April 23, 1942 showed an increase 
of fibrosis in both lungs, extending to the greater part of the right lung, where the extensive 
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infiltration previously noted was now considerably cleared. In the left lung the fibrosis 
was most prominent in the upper lobe where large cavities were now separated by bands 
of tissue showing dense fibrotic reaction. 

The patient was transferred to the Rietfontein Tuberculosis Hospital for two months’ 
convalescence, where the endotoxoid dosage was increased to 2 cc. half-weekly. Since 
July, 1942 the patient has been back at home, but she continues to receive tubercle endo- 
toxoid at the hospital as an outpatient. A later X-ray film taken after another period of 
six months shows increased fibrosis of the lesions in both lungs. 


In analyzing the results obtained in this series of native patients 5 out of 6 
have greatly benefited from the endotoxoid treatment, all 5 with persistently 
negative sputum. 

In the first nurse of the series (case 3), originally with acute infiltration and 
early cavitation, clinical and anatomical healing with negative sputum has been 
obtained after a year of interrupted treatment. The progress has been main- 
tained after two years of work. 

In nurses 4 and 5, who before treatment showed acute lesions with cavitation, 
clinical-anatomical healing was observed with occlusion of cavities and negative 
sputum a year after the start of treatment in one case and after only five months 
in the other. 

In case 6, after one year of treatment, there was transformation of subacute 
bilateral lesions into the fibrotic European type, as well as healing, occlusion of 
a large cavity and regression in size and drying of another, with negative sputum. 
Progress was maintained and there was radiological evidence of a further fibrotic 
healing during the following year. 

In case 8, there was check of advanced subacute progressive, bilateral disease, 
with large multiple cavitation in one lung and recent infiltration in the other 
lung. Fibrotic transformation of the older lesion and of the cavitation into the 
chronic European type took place in one lung together with fibrotic healing of the 
more recent infiltration in the other. 

As regards case 7, who died from haemoptysis, it is interesting to note that, in 
spite of very severe and extensive lesions, definite radiological and clinical signs 
of transformation from the acute to the chronic form of disease were observed 
after only four months of treatment. As in the other cases these changes were 
accompanied by very marked improvement of the general condition and the 
patient gained 20 lbs. within this short period. 

In this series of cases, including the fatal one, the changes in weight observed 
averaged an increase of 26.2 lbs. from the date of commencement of endotoxoid 
treatment. 

From the pathological point of view the healing process observed in the various 
cases of this series showed the same characteristics, that is, fibrotic transformation 
of the more advanced lesions accompanied by a clearing in the more recently in- 
filtrated areas. The same process applies to cavitations which in the case of 
complete occlusion became replaced by fibrotic scars. When only partial oc- 
clusion was obtained there was a massive fibrotic transformation in the surround- 
ing tissues and drying up of the cavity. We have observed in a number of post- 
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mortem examinations of cases treated in advanced stages of the condition that 
the walls of the cavities are covered with granulating tissue, which on micro- 
scopical examination is seen to proliferate in the lumen of the cavity. This 
explains the fact observed in some native (and European) patients, originally 
with large cavities, that after being submitted to a long period of endotoxoid 
they become clinically quiescent, with tubercle negative sputum, in spite of the 
persistence of large cavities. 

These different manifestations of the healing process have been observed in 
varying limits of time, from a few months in some cases to periods of one to two 
and more years in some advanced cases. They occur irrespective of the form of 
the lesion, in children as well as in adults, as shown in the numerous series of 
cases treated in the various native tuberculosis hospitals. 

Thus of a series of 47 unselected patients treated at the Non-European Hos- 
pital, Johannesburg (1939-1942) suffering from acute, and in most cases advanced 
forms of pulmonary tuberculosis (39 bilateral, 40 with cavitation, all with positive 
tubercle bacilli sputum), 32 benefited from endotoxoid treatment and showed 
fibrotic changes of various degrees. In 12 the sputum became repeatedly nega- 
tive with healed or quiescent lesions. Six were much improved, clinically and 
radiographically, including total or subtotal occlusion of cavities but still with 
positive sputum. Fourteen were improved and the acute lesions had reached the 
fibrocaseous or fibrous transformation, characteristic of the chronic European 
adult type. 

Of the 14 patients of this series who died during treatment, 9 showed either 
radiological or postmortem evidence of fibrotic changes of the lesions including 
two cases of miliary tuberculosis. 

The fact that such fibrotic changes can take place as a general healing process 
in tuberculous natives is per se particularly interesting, and a new feature in the 
pathogeny of the tuberculous infection in this ‘‘primitive stock,” as such a chronic 
process is, as we have mentioned before, only exceptionally observed among 
African natives, or remains limited to such an extent as to seldom influence the 
rapidly fatal course of the disease. But following endotoxoid therapy, unex- 
pected delays in the rapid spread of the infection, followed by definite regression 
and partial healing of the lesions, have been observed in a number of advanced 
native cases, children and adults, with extensive bilateral infiltration and casea- 
tion or the miliary type of tuberculosis. These most unusual delays and periods 
of quiescence in the rapid spread of infection, following endotoxoid treatment, 
are accompanied in most cases by a marked improvement of the clinical signs, 
cough and expectoration and in the general condition of the patients, with re- 
gression of the signs of general toxaemia and of night sweats, stabilization of the 
temperature and pulse to normal and a check in the steady decrease in weight, 
followed, in some patients, by a substantial increase. 

Several native children brought to the hospital in an emaciated, miserable con- 
dition, with extensive bilateral or miliary type of infection, have, in spite of the 
rapidly fatal course which usually terminates these severe forms of infection, 
become apyretic and improved to such an extent, after several months of endo- 
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toxoid treatment, that they have been allowed to get up and play all day in the 
hospital garden. Radiographs taken during this later period show definite 
limitation of the infection and fibrotic transformation of the lesions, as evidenced 
by sharp, marble-like relief compared with the poorly contrasting woolly aspect 
of the acute, exudative lesions previously observed. Too frequently, however, 
after a period of clinical quiescence, sometimes as long as a year or two, a sudden 
deterioration of condition follows an intercurrent disease, such as influenza or 
bronchopneumonia, and brings to an end this much delayed evolution of the 
originally rapidly progressing advanced form of infection. Postmortem ex- 
aminations of these patients show, on direct observation of the lungs, a very 
marked fibrotic reaction of the lesions, confirmed microscopically, as compared 
with the soft, often purulent “monkey-like”’ type of infection found in the lungs 
and spleen of untreated children. A particularly interesting example is the case 
report of the following child: 


Case 9: Female native, Sinah M., aged eight years. This child was admitted on April 
10, 1941, to the Non-European Hospital, Johannesburg, for right mastoiditis. Radical 
mastoidectomy was performed on April 11. The extent of the bone destruction found 
during the operation confirmed the suspicion that the infection was of tuberculous origin. 
Most of the mastoid process was found eroded, with ossicles destroyed as well as part of 
the labyrinth, with exposure of the dura mater by the disease. During the week following 
mastoidectomy the child developed a high temperature (103 to 104°F.). After a period 
of fluctuation the temperature changed to a swinging type (99° in the mornings, 102 to 
103°F. in the evenings), with a high pulse rate (120 to 140) and respiration rate of 24 to 28. 
She started coughing and her general condition became worse. Clinical examination indi- 
cated consolidation at the right apex. Pulmonary signs soon spread to the left lung and 
tubercle bacilli were found in the sputum. A radiograph taken July 16, 1941, after four 
weeks of continuous swinging temperature, showed an extensive miliary-like form of 
tuberculosis throughout the entire field of the two lungs. The left lung presented a fine 
nodular dissemination; the lesions of the right lung were more advanced, the nodules were 
larger in size and the whole apex was occupied by a large cavity (6 by 5 cm.) (figure 15). 
The child became drowsy, toxaemic and very emaciated. 

Tubercle endotoxoid was started June 6, 1941 and was administered half-weekly at an 
accelerated rate, increasing by 0.1 cc. every injection up tol cc. Six weeks after the be- 
ginning of the treatment a gradual fall of the evening temperature was observed from 102° 
to 99°F ., reaching and settling to normal after a period of seven weeks. The small patient 
then remained apyretic for one and a half months, during which her general condition 
improved considerably. The signs of toxaemia and cough also subsided progressively, 
while the pulse rate was reduced to 80 to 96 and respiration to 20. Radiographs taken 
August 25, 1941 and October 29, 1941 showed no further progress of the lesions compared 
with that taken in July. On the contrary the fine nodules appeared more defined and the 
walls of the large cavity were now more regularly outlined. This period of abatement of 
the infection was interrupted by a new phase of four weeks of pyrexia marked by a sharp 
initial rise to 102°F., followed by a gradual lysis to normal, nevertheless without exacerba- 
tion of the pulmonary symptoms. 

From November 20 to May 10 the temperature remained normal, except for an occa- 
sional slight rise to 99°F. (Pulse 80 to 90, respiration 20.) During these five months of 
apyrexia the patient showed further steady improvement—very little cough and scanty 
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sputum (positive for tubercle bacilli). After three montlis of apyrexia the child was al- 
lowed to leave bed and spend the whole day playing in the open air. In spite of this 
return to active life improvement still continued with very good appetite and hardly any 
cough, even during games. 

Successive X-ray films taken during this period gave evidence of a gradual fibrotic 
transformation of the lesions. The signs of early fibrotic reaction observed in November 
appeared quite definite in both lungs in the January radiograph, as shown by the sharper 
contrast between miliary nodules on the lung background (figure 16). This contrast 
appeared more accentuated in radiographs taken during February and March and coin- 
cided with a definite regression of the lesions in both lungs, as evidenced by a greater 
translucency of the lung fields. A further radiograph taken in April, that is, after five 
months’ apyrexia, showed a further and marked fibrosis of the lesions. In the left lung 
there appeared to be little or hardly any sign of activity. The original fine miliary nodules 
were now replaced by a dissemination of sharply outlined and irregular fibrotic specks. 
The appearance was somewhat similar to that of silicosis. In the right lung, where the 
lesions were more advanced at the start, the larger nodules were now considerably smalier, 
condensed, opaque and sharply outlined. The large cavity at the apex was now somewhat 
smaller compared to a year ago and showed a wel! defined regular outline, circled by a 
fibrotic ring. Fibrotic nodules were also seen in the hila. On the whole the translucency 
of the lung field was considerably increased (figure 17, April, 1942). 

On May 7, that is, after this long period of apyrexia and steady clinical improvement, 
the patient developed a chill during an exceptionally cold night of an early South African 
winter, while sleeping on an open verandah. In spite of the usual hospital treatment she 
developed acute bronchopneumonia, followed by death on May 17. 

The postmortem examination carried out by Professor A. 8. Strachan, Head of the De- 
partment of Pathology, confirmed the clinical diagnosis and gave the following findings: 
Congestion and acute bronchopneumonia extending to the two lobes of the left lung. Fine 
fibrotic nodules were present throughout the whole lung field. There was no sign of 
caseation. Right lung: large, chronic tuberculous cavity at apex but without pus, the 
walls of which were covered with purplish granulating tissue. Section through the lung 
showed that the cavity was circled by dense fibrotic tissue. This fibrotic reaction ex- « 
tended to the upper half of the lung and was accompanied by cylindrical bronchiectasis, 
signs of chronic pleurisy on both sides, with dense adhesions at the right apex. Hilar 
lymph nodes enlarged on both sides. A few indurated nodes were found to be fibrocaseous. 

A number of mesenteric lymph nodes appeared somewhat enlarged, but the section showed 
no sign of caseation. Besides these chronic, partly healed pulmonary lesions and tracheo- 
bronchial nodes, no other macroscopical signs of tuberculosis were found in the other 
organs; spleen, liver, suprarenals, intestinal tract, brain and meninges appeared free from 
tuberculosis. 


The limitation of the tuberculous infection to the pulmonary system, together 
with the fibrotic changes observed in these lesions, notwithstanding the very 
severe and rapidly progressing form of tuberculosis observed a year before, are 
quite significant in themselves and plead for the therapeutic influence of endo- 
toxoid on the course of the disease. The fibrotic healing character of the lesions 
was confirmed by histological examination. Specimens of lung tissues were taken 
at various levels of both lungs and also of several enlarged hilar nodes. A de- 
\ tailed account of these investigations will be incorporated in a special histological 
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study in collaboration with Professor Strachan, and will therefore be only briefly 
referred to here. 

Besides acute bronchopneumonia, with presence of pus cells in the lumen of 
the capillary bronchi, sections at different levels of the left lung showed that 
most of the original miliary nodules had undergone a fibrotic transformation and 
healing reorganization. Evidence of the successive steps of this healing process 
is given in the microphotographs (figures 18 and 19), showing infiltration of the 
tubercle follicles by fibroblasts from the periphery. Other follicles have under- 
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Fias. 18 & 19. Case 9. Postmortem after fourteen months’ tubercle endotoxoid treat- 
ment. Microphotographs showing different stages of the miliary tubercle follicles under- 
going fibrotic infiltration by fibroblasts and healing reorganization. 


gone complete fibrotic reorganization by fibroblasts; in these no more vestige of 
the histological structure of the follicles nor of the giant cells can now be traced. 

A section of the right lung showed massive fibrotic reaction in the upper lobe 
and in the pulmonary tissue around the cavity, while typical granulating tissue 
was proliferating from the walls of the cavity in the lumen. In a few points of 
the upper lobe where small necrotic foci were still present, these were surrounded 
by thick fibrotic reaction, as observed in chronic fibrocaseous tuberculosis of the 
European type. The same marked fibrotic reaction was observed around 
necrotic foci found in a few enlarged hilar lymph nodes. These microscopical 
fibrotic healing changes, observed as early as a year after the beginning of the 
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disease, are in striking contrast with the caseous extensive type of lesion which 
characterizes the rapidly developing form of tuberculous lesions in African natives 
in the absence of any appreciable fibrotic reactions. The macroscopical and 
microscopical fibrotic healing changes observed in this severe case exemplify 
the relatively short time in which similar curative changes are observed in a 
great proportion of endotoxoid treated native patients, both adults and children, 
as illustrated clinically in the series of cases discussed above. 

The main practical difficulty encountered in the antituberculous treatment of 
natives is persuading them to remain in the hospital long enough to consolidate 
the acquired improvement. Many patients leave the hospital against medical 
advice as soon as they feel some improvement in their condition. In order to 
remedy this state of affairs we have organized, in the case of urban natives, an 
outpatient system by which adults and children previously treated in the hos- 
pital may continue their courses of half-weekly or weekly injections of endotoxoid 
in the respective wards in which they were treated. Opportunity is also taken 
to make periodical X-ray and sputum examinations, to take weight records and 
to keep personal contact with many patients. For natives returning to rural 
areas or native territories a similar scheme has been arranged with district or 
missionary hospitals wherever distances and transport permit. 


TREATMENT OF EXTRAPULMONARY FORMS OF TUBERCULOSIS IN NATIVES 


The therapeutic action exercised by tubercle endotoxoid is not confined to 
pulmonary forms but is observed in the treatment of various organic and surgical 


conditions of tuberculous origin, such as those of the lymph nodes, joints, skin 
and eyes, peritoneum, urogenital tract and larynx. 

Bone tuberculosis: Although bone tuberculosis in natives does not generally 
run the rapid course observed in pulmonary lesions it is characterized by a pro- 
gressive evolution and usually ends in generalized infection. During the period 
from 1936 to 1942 we have treated in Johannesburg Hospital a series of natives, 
adults and children, suffering from hip, spine and other bone and joint tuber- 
culosis. They were usually admitted at an advanced stage with extensive osteo- 
myelitis and bone destruction, with joint involvement and cold abscesses and 
discharging sinuses. 

In 4 cases of progressive tuberculosis of the hip, regression of the involvement 
and recalcification were observed radiologically within twelve months of endo- 
toxoid treatment, resulting in akylosis of the hip with drying up and healing of 
the sinuses. Definite improvement and recalcification were also observed in 
cases of spine tuberculosis in children. The following 2 cases are examples of 
this series: 


Case 10: Native female child, aged fourteen years, was admitted July 2, 1940 with tuber- 
culosis of the right hip. There had been pain in the hip for the previous three months; the 
leg was kept in abduction. The child was very emaciated and very weak (Wassermann 
test negative). X-ray examination showed partial destruction of the head of the right 
femur, especially on the superior side, and decalcification on the neck end of the trochan- 
ters. There was also marked decalcification of the bones around the acetabulum with 
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disease, are in striking contrast with the caseous extensive type of lesion which 
characterizes the rapidly developing form of tuberculous lesions in African natives 
in the absence of any appreciable fibrotic reactions. The macroscopical and 
microscopical fibrotic healing changes observed in this severe case exemplify 
the relatively short time in which similar curative changes are observed in a 
great proportion of endotoxoid treated native patients, both adults and children, 
as illustrated clinically in the series of cases discussed above. 

The main practical difficulty encountered in the antituberculous treatment of 
natives is persuading them to remain in the hospital long enough to consolidate 
the acquired improvement. Many patients leave the hospital against medical 
advice as soon as they feel some improvement in their condition. In order to 
remedy this state of affairs we have organized, in the case of urban natives, an 
outpatient system by which adults and children previously treated in the hos- 
pital may continue their courses of half-weekly or weekly injections of endotoxoid 
in the respective wards in which they were treated. Opportunity is also taken 
to make periodical X-ray and sputum examinations, to take weight records and 
to keep personal contact with many patients. For natives returning to rural 
areas or native territories a similar scheme has been arranged with district or 
missionary hospitals wherever distances and transport permit. 


TREATMENT OF EXTRAPULMONARY FORMS OF TUBERCULOSIS IN NATIVES 


The therapeutic action exercised by tubercle endotoxoid is not confined to 
pulmonary forms but is observed in the treatment of various organic and surgical 


conditions of tuberculous origin, such as those of the lymph nodes, joints, skin 
and eyes, peritoneum, urogenital tract and larynx. 

Bone tuberculosis: Although bone tuberculosis in natives does not generally 
run the rapid course observed in pulmonary lesions it is characterized by a pro- 
gressive evolution and usually ends in generalized infection. During the period 
from 1936 to 1942 we have treated in Johannesburg Hospital a series of natives, 
adults and children, suffering from hip, spine and other bone and joint tuber- 
culosis. They were usually admitted at an advanced stage with extensive osteo- 
myelitis and bone destruction, with joint involvement and cold abscesses and 
discharging sinuses. 

In 4 cases of progressive tuberculosis of the hip, regression of the involvement 
and recalcification were observed radiologically within twelve months of endo- 
toxoid treatment, resulting in akylosis of the hip with drying up and healing of 
the sinuses. Definite improvement and recalcification were also observed in 
cases of spine tuberculosis in children. The following 2 cases are examples of 
this series: 


Case 10: Native female child, aged fourteen years, was admitted July 2, 1940 with tuber- 
culosis of the right hip. There had been pain in the hip for the previous three months; the 
leg was kept in abduction. The child was very emaciated and very weak (Wassermann 
test negative). X-ray examination showed partial destruction of the head of the right 
femur, especially on the superior side, and decalcification on the neck end of the trochan- 
ters. There was also marked decalcification of the bones around the acetabulum with 
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bone destruction at its superior zone, in contact with the femur head. The child was put 
in a plaster of paris corset enclosing both hips. An X-ray examination after four months 
showed no evidence of recalcification and there was no clinical improvement. 

Tubercle endotoxoid treatment was started November 20, 1940 and was continued 
half-weekly for fourteen months to a maximum dose of 1.4 cc. Comparative X-ray films 
taken every three months showed progressive recalcification in the femoral head and neck 
and of the bones around the acetabulum. Partial bony ankylosis was evident in the X-ray 
film taken after twelve and fourteen months’ treatment, between the superior part of the 
femur and the previously eroded zone of the acetabulum. The plaster had to be removed 
after six months’ treatment owing to increase in weight. The child was then allowed to 
sit up gradually, in bed, without plaster. In October, after nine months’ treatment, she 
started walking with crutches. 

When the patient was removed from the hospital against medical advice after fourteen 
months’ treatment, the healing of the condition, although not complete, was sufficient to 
allow her to walk without crutches, feeling no pain. There was some limping due to 3 cm. 
difference in length of the legs and deviation of the pelvis. There was no atrophy in the 
muscles of the affected leg, which had regained full development. The child had once 
again reached her normal weight (105 lbs. for a child of fifteen year8) and was in very good 
condition. 


A second example follows of the treatment of a more advanced tuberculosis of 
the hip: 


Case 11: Native female child, Deverica M., aged ten years, was admitted March 2, 1939 
to the Non-European Hospital, Johannesburg, in a very emaciated prostrated condition. 


Clinical examination confirmed the diagnosis of tuberculous arthritis of the right hip with 
posterior and upwards dislocation of the femur. There were multiple sinuses with puru- 
lent discharge and a wound at the posterior zone of the hip and another in the area of the 
great trochanter, and a long deep wound of over 20 cm. in length at the back of the thigh, 
into which opened a number of sinuses. A fourth sinus was present in the right groin. A 
large amount of pus was exuding from these various sinuses, which rapidly impregnated all 
bandages. The necessity for frequent changes of dressings rendered support in plaster 
impracticable. Pain in the hip and the leg was accentuated by passive movements. Ra- 
diography showed the following arthritic changes: bone destruction of the whole acetabu- 
lum with considerable rarefaction in the surrounding zone, also considerable rarefaction of 
bone and decalcification of the head and great trochanter of the femur with dislocation 
upwards. Temperature was somewhat irregular during the days following admission, 
varying from normal to 100.4°F. 

Tubercle endotoxoid was started April 11, 1939, according to the normal scheme and 
increased to 1.2 cc. by August, 1939, this half-weekly dose being maintained until dis- 
charge on August 3, 1941. During that period of two years and four months’ treatment 
the patient received a total of 248 cc. of endotoxoid without any undue local or general 
reaction. From the second month following the beginning of the treatment a gradual im- 
provement of the general condition could be observed. The child was brighter, ate better 
and after six months started sitting up in bed without pain. The amount of pus discharge 
gradually became less. 

At the end of a year of treatment the general condition was much improved, with sinuses 
partly healed. Pain in the hip had disappeared even on passive movements. Active 
movements of the toes had returned. X-ray examination still showed some rarefaction 
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of the upper zone of the femur and upward dislocation, bat sclerosis of the bones around the 
acetabulum was present. An X-ray film taken five months later, in August, showed fur- 
ther progress of the calcification of the ileum and pelvis. There were signs of early bone 
ankylosis of the head of the femur with the adjoining portion of the ileum (figure 20). In 
view of the progress of the clinical and radiological improvement the patient was allowed 
to start walking with the aid of crutches. Evidence of increased new bone formation and 
ankylosis was shown in an X-ray taken in June, 1941 (figure 21). Patient was then walk- 
ing with one crutch only. There was also progressive mobilization of the toes and leg. 
General condition and weight were steadily improving. At the date of discharge from 
hospital (August 3, 1941) after two years and four months of endotoxoid treatment the 
condition of the patient was as follows: 

Radiological evidence of marked recalcification in the upper end of the femur—head, 
neck and trochanter—and of the surrounding bone of the pelvis. Dislocated head of the 
femur fixed by bony ankylosis to the ileum. The shaft of the femur showed no evidence 


Fic. 20 (Left). Case 11. X-ray taken August 7, 1940 
Fig. 21 (Right). Case 11. . X-ray taken June 17, 1941 


of bone changes. Appearances were those of a healing condition. Of the four discharging 
simuses, three were now completely healed, that is, the two sinuses of the hip, as well as 
the long wound at the back of the thigh, which were replaced by healthy scars. The sinus 
in the groin was not completely healed and was the seat of a slight intermittent discharge. 
No lymph node could be felt. Pain had completely disappeared and was not provoked 
either by passive or active movements of the leg. In standing position the right thigh 
and leg remained fixed at 36 degrees flexion and retraction, in consequence of the hip 
ankylosis in postero-superior dislocation. This resulted in a shortening of the femur of 
the leg as compared with the normal left leg. However, there was very little muscular 
atrophy of the right leg. Patient walked with one crutch and without pain. The general 
condition was very satisfactory. Weight increased by 14 lbs. of which only } lb. was 
gained during the first eight months, and 134 lbs. during the last twenty months. 


These 2 cases show that in surgical tuberculosis, as in pulmonary lesions, a 
similar biological curative process follows tubercle endotoxoid treatment. There 
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is check of the infection, gradual regression and transformation of the progres- 
sively developing type of lesions towards a fibrotic healing process, followed by 
secondary calcification in the case of advanced pulmonary lesions, or leading to 
recalcification and new bone formation and ankylosis in the case of destructive 
bone and joint lesions. In both conditions such restorative processes are but ex- 
ceptionally observed in tuberculous natives not treated with endotoxoid, and more 
especially are they absent in children undergoing conservative or surgical forms 
of treatment. Figures published by Dr. G. du Toit (13) show that of 60 natives 
admitted to the Johannesburg Hospital with tuberculosis of the hip during the 
period from 1933 to 1937, 58 left unimproved and none were cured. 

Lymph node tuberculosis: As mentioned previously, tubercle endotoxoid has 
been used in the treatment of tuberculous lymph nodes in natives. This con- 
dition is most frequently observed in children. From the reports received from 
superintendents of several native hospitals and from personal observations in the 
Johannesburg Hospital, tubercle endotoxoid applied in cases of native babies or 
children with multiple enlarged tuberculous nodes and sinuses has very frequently 
resulted in a considerable reduction in size and a hardening of the nodes, drying 
and healing of the sinuses, accompanied by considerable increase in weight and 
restoration of good health. 

Skin tuberculosis: Similar beneficial results have been observed in tuberculous 
skin conditions, either lupus vulgaris or tuberculous ulcerations. The appear- 
ance of some of these lesions in natives sometimes offers great difficulties in 
differential diagnosis with leprosy. Such a case has been reported by Davison 
(14). The patient was admitted as a certified leper whose face and left buttock 
bore identical large lesions, with elevated blackish fungating and irregular mar- 
gins. There were no anaesthetic or nervous symptoms. As the antileprotic 
treatment did not bring about any change in the condition the patient was sub- 
mitted subsequently to tubercle endotoxoid treatment and showed so marked 
an improvement that he was discharged by the Leprosy Board after six months’ 
endotoxoid treatment. 

Eye tuberculosis: Finally, as has also been reported previously, a large number 
of tuberculous eye conditions have been treated in collaboration with the oph- 
thalmic surgeons of the Johannesburg Hospital. Such conditions are rather 
frequently seen among natives and lead in many cases to panopthalmia and often 
to gradual blindness. The conditions treated include tuberculous iritis, kera- 
titis, sclerokeratitis, also cases of haemorrhagic syndrome of the back of the eye 
commonly known as Eales-Coats-Landau disease. As in the case of European 
patients treated with tubercle endotoxoid, in most native patients a progressive 
improvement follows the instalment of treatment. 

This improvement can be observed in some cases as soon as three to four weeks 
after the first injection and manifests itself by a regression of the inflammatory 
process, gradual clearing of the plastic membranes and nodules, appeasement of 
the ocular symptoms, such as photophobia and headache, and gradual recovery 
of sight, in many cases to such an extent as could not be anticipated by treating 
specialists before institution of treatment. In several patients quite dramatic 
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results were observed, as in the following case treated-by Dr. H. Kaye, Honorary 
Eye Surgeon of Johannesburg Hospital, to whom we are indebted for the follow- 
ing case report: 


Case 12: “Native, Elijah V., aged twenty-three, attended the Eye Department, Non- 
European Hospital since 1938, for a chronic progressive sclerokeratitis affecting both eyes; 
his eyes showed nodular corneal limbal infiltrations associated with annularly disposed 
areas of scleritis; both eyes also had active iritis and uveitis. This man’s cornea had be- 
come progressively affected around the margins, with the infiltration gradually approach- 
ing the axial area with much irregular vascularization; these infiltrations predisposed to 
softenings in the coats of the eye with resulting bulgings and deformities, which grossly 
distorted the left bulbus. All the usual treatments were tried but the left eye became 
practically blind and the right eye seemed about to have the same fate. The boy was 
admitted to a Blind Institute and then it was decided to enlist the help of Doctor Grasset. 

The native was found to have a very strong tuberculous reaction with considerable loss 
in weight and a poor general condition (Wassermann test negative). He was given twelve 
months’ tubercle endotoxoid vaccine treatment from March, 1940 to March, 1941, with 
dramatic improvement in the ocular condition. The active areas around the limbi became 
cicatrized and the eyes gradually lost their redness and the iritis subsided. By the end of 
1942 the right eye had improved its sight to 80 per cent and in January, 1943, I removed, 
by needling, the left cataract (which had occurred following the chronic inflammation in 
the eye). The cataract operation was attended with very slight reaction and the needling 
has resulted in a 6/36 vision. 

To summarize, this boy seems to have been saved from irreparable blindness through 
the timely giving of endotoxoid vaccine. This sclerokeratitis usually runs a malignant 
course and most authors regard the aetiology as tuberculous.” 

The improvement of the ocular condition was accompanied by a return of the general 
condition and weight to normal. 


DISCUSSION 


From the pathological and therapeutic viewpoints clinical investigations such 
as these among tuberculous natives are, in our opinion, of particular significance 
as the acute uncomplicated course of the tuberculous infection in these subjects 
constitutes clinical conditions in humans as close as possible to experimentation. 

Indeed, one of the main difficulties in assessing the benefit of a therapeutic 
method in Europeans, and particularly in adults, is the réle played by the indi- 
. vidual variable factor in the response to the tuberculous infection, and by the rela- 
tive immunity, resulting from inherited and individually acquired resistance 
towards this infection. 

By contrast, as the large majority of South African natives still constitute 
“virgin soil’ for tuberculous infection, the importance of this individual factor 
is to a large extent minimized, and a more rational opinion can be reached on the 
influence of a therapeutic method on the evolution of tuberculous infection. 

As seen above in native cases with somewhat advanced pulmonary lesions, 
the first change following endotoxoid treatment is the transformation of the 
acute type of disease into the chronic type of the adult European. In other 
words, by its specific action tubercle endotoxoid succeeds in levelling, by a few 
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months’ treatment, the higher individual and racial susceptibility of this “primi- 
tive stock” to the degree of resistance acquired in most Europeans by generations 
of hazardous contact with the Koch bacillus. 

However, this racial difference in resistance is reflected, in our opinion, in 
the quicker therapeutic response and higher proportion of Europeans to benefit 
on the whole from endotoxoid as compared with the response in natives. In 
many native patients seen for the first time in this hospital, the damages resulting 
from the acute, rapidly advancing infective process are indeed of such severity, 
that is, extensive bilateral pulmonary caseation, with multiple or giant cavities, as 
to minimize any possible hope of conservative treatment and organic functional 
readaptation. As an indication, of a total of 307 pulmonary native cases ad- 
mitted to the Johannesburg Non-European Hospital during 1940, 263 had ex- 
tensive bilateral lesions with cavitation (Gillman and Gordon (15)). 

The specificity of the therapeutic action exerted by tubercle endotoxoid is 
evidenced by the fact that it manifests itself irrespective of the organic site of 
the infection, as shown in the various categories of tuberculous conditions re- 
ferred to above, and in patients suffering from disseminated tuberculous lesions 
at various infective stages. This action also exerts itself irrespective of the age- 
type of the infection (Grasset (16)), whether of the juvenile type of the European 
child, “‘juvenile-like”’ type of the adult native or chronic forms of the Europeans, 
while the healing process itself is determined by the lesions present when treat- 
ment is instituted, and is characterized by specific healing processes for the 
various types of lesions. 

The specific therapeutic action of tubercle endotoxoid is also reflected in its 
beneficial antitoxic stimulus on the general condition of the patient, observed in 
many instances within a relatively short time after the beginning of treatment, 
with disappearance of the toxaemic symptoms, night sweats, headache and 
hepato-digestive disorders, accompanied by a drop in temperature and pulse rate 
and by improvement in appetite and progressive increase in weight, even in 
relatively advanced cases. In many patients this general improvement coincides 
with functional improvement due to appeasement of the inflammatory phe- 
nomena, before there has been time for definite organic or radiographic trans- 
formations to be observed. 

This last therapeutic action appears particularly evident in patients suffering 
from ocular conditions due to tuberculous allergic-toxic manifestations, char- 
acterized by inflammatory processes of the fundi, choroiditis and retinitis, with 
recurring haemorrhage of the retina in the absence of nodular lesions, but usually 
accompanied by a high tuberculin reactivity. In several of these cases in which 
all previous treatment, including tuberculin, had failed to check the aggravation 
of the condition, tubercle endotoxoid resulted in a regression and appeasement of 
the inflammatory process and in improvement of sight. The disappearance of 
the tuberculous haemorrhagic syndrome generally coincided with a marked im- 
provement of the general condition of patients so treated and with substantial 
increase in weight. 

As shown by the author in previous publications, the specific antitoxic nature 
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of the therapeutic action observed in these clinical changes is supported experi- 
mentally by the production of specific anti-endotoxic tuberculosis antibodies in 
the blood of horses submitted to a course of increasing doses of tubercle endo- 
toxoid (Grasset (17)). 

The mixture in vitro of increasing volumes of serum of animals so treated in 
contact with fixed doses of tubercle endotoxin or of the respective formolized 
endotoxoid results in a zone of rapid opalescence, followed by specific flocculation. 
The intrinsic proportion of the volume of serum necessary for the production of 
this flocculation has been shown to be in inverse relation to the degree of the im- 
munization to which the animal has been submitted. By varying the concen- 
tration of tubercle endotoxin or of endotoxoid it has also been observed that the 
flocculation phenomenon is produced by volumes of serum which are proportional 
to the antigenic concentration used in the experiments. 

A specific antituberculosis serum characterized by such anti-endotoxic prop- 
erties has been prepared from horses immunized with increasing doses of live 
tuberculous lyzates and formolized tubercle endotoxoid. 

As shown in previous publications, this serum injected prior to endotoxoid, 
in febrile acute pulmonary and other extrapulmonary tuberculous conditions, 
such as tuberculous peritonitis in natives, exerted a definite antitoxic, although 
temporary, action, as shown by the rapid reduction of toxaemic symptoms, fall 
of temperature and decrease in night sweats. However, even in these special 
cases subsequent active treatment by means of tubercle endotoxoid remains 
essential. 


SUMMARY AND CONCLUSIONS 


This paper deals with clinical and pathological investigations regarding the 
therapeutic influence of tubercle endotoxoid on tuberculosis infection among 
South African Bantu natives. 

While statistical results will be found in another publication, the present study 
deals with the various aspects of the process by which this therapeutic action mani- 
fests itself in the acute, juvenile type of infection observed among this ‘“‘primitive 
stock.’ The problem is considered here from the clinical, radiological, bacterio- 
logical and anatomo-pathological viewpoints. 

The changes which follow the specific action of tubercle endotoxoid in the 
treatment of pulmonary tuberculosis in African natives are characterized in 
early and moderately advanced cases by a clearing and fibrotic healing of the 
lesions, accompanied by the disappearance of tubercle bacilli from the sputum 
and of expectoration altogether. 

In more advanced cases, first there is a transformation of the acute, soft, 
rapidly spreading type of lesions into the chronic fibrocaseous, or fibrotic type of 
the European. Further healing changes result in the clinical arrest of the disease, 
in many patients in fibrotic healing of the lesions and disappearance of the tuber- 
cle bacilli from the sputum. When cavities are present, partial or complete oc- 
clusion is often observed within a period varying from a few months to over a 
year’s treatment. 
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Evidence of this restoration process is illustrated by case reports of a series of 
native patients treated at various stages of infection. Considerable delays in 
the evolution of the infection with partial healing of originally very extensive, 
acute lesions, or of those of the military type, have been observed in both children 
and adult natives following endotoxoid treatment. These changes, confirmed 
by autopsy and histological sections from postmortem material, are characterized 
by extensive macroscopical and microscopical fibrotic changes of the originally 
acute lesions. 

A similar therapeutic action and healing process is observed in other tuber- 
culous conditions in natives submitted to endotoxoid treatment, such as peri- 
toneal, bone, skin, lymph node or eye tuberculosis. 

Nineteen X-ray photographs of tubercle endotoxoid treated native cases and 
two histological microscopic photographs of sections of pulmonary lesions from 
an advanced case which ended fatally accompany this paper. 


SUMARIO Y CONCLUSIONES 


Este trabajo describe investigaciones clinicas y patolégicas relativas al influjo 
terapéutico del endotoxoide del tubérculo sobre la infeccién tuberculosa entre los 
indigenas Bantus del Africa del Sur. 

Dejando las estadisticas para otra publicacién, el estudio actual se ocupa de 
los varios aspectos del proceso por el que se traduce esa accién terapéutica en la 
infeccién del tipo juvenil aguda observada en esa “‘raza primitiva,” considerando 
el problema desde los puntos de vista clinico, radiolégico, bacteriolégico y ana- 


tomopatoldgico. 

Las alteraciones consecutivas a la accién especffica del endotoxoide tubercular 
en el tratamiento de la infeccién tuberculosa pulmonar de los indigenas africanos 
caracterizanse en los casos tempranos y moderadamente avanzados por desapari- 
cidén y cicatrizacién fibrosa de las lesiones acompafiadas de la desaparicién de los 
bacilos tuberculosos del esputo y de la expectoracién en absoluto. 

En los casos m&s avanzados obsérvase primero una transformacién de la in- 
feccién del tipo agudo, blanda, de rapida difusidén, al tipo fibrocaseoso o fibroso 
crénico del europeo. La cicatrizacién subsecuente estaciona clinicamente la 
infeccién, y en muchos casos obtiénense la cicatrizacién fibrosa de las lesiones y la 
desaparicién de los bacilos tuberculosos del esputo. Cuando existen cavernas, 
obsérvase a menudo su oclusién parcial o completa en un plazo que varia de unos 
meses a mds de un afio de tratamiento. 

Signos de este proceso restaurativo obsérvanse en las historias clinicas de una 
serie de indigenas tratados en varios periodos de la infeccién. Después del trata- 
miento con endotoxoide obsérvase en los indigenas, tanto nifios como adultos, 
considerable demora en la evolucién de la infeccién o cicatrizacién parcial de 
lesiones agudas y muy extensas al principio, o del tipo miliar. Esas alteraciones, 
confirmadas en la autopsia y en cortes histoldgicos de tejido necrépsico, carac- 
terizanse por extensas fibrosidades macro y microscdépicas de las lesiones primiti- 
vas agudas. 

En los indigenas tratados con endotoxoide obsérvanse accién terapéutica y 
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proceso curativo similares en otros estados tuberculosos, por ejemplo, en el 
peritoneo, huesos, piel, ganglios linfaticos y ojo. 

Este trabajo va acompafiado de diecinueve roentgenografias de indigenas tra- 
tados con endotoxoide tubercular y dos microfografias de cortes de lesiones pul- 
monares de un caso avanzado que terminé en la muerte. 


Note: All clinical investigations undertaken with tubercle endotoxoid prepared at the 
South African Institute for Medical Research are being carried out purely on scientific lines 
and the material is supplied free of charge to the various antituberculosis institutions en- 
gaged in such investigations. 

I dissociate myself from any responsibility for the preparation of, and the conclusions 
reached by the use of a product alleged to be prepared according to the technique originally 
described by myself, and issued under the same name by a manufacturing chemical firm, 
which neither consulted me nor gave me the opportunity of checking the product. 
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RADIATION THERAPY FOR OBSTRUCTING TUBERCULOUS HILAR 
LYMPH NODES! 


Case Report 
KAL FREIREICH 


This report is a presentation of a patient in whom tuberculous hilar lymph 
nodes were enlarged enough to produce a picture of marked bronchial obstruction, 
that responded remarkably well to X-ray treatment, as judged by clinical pic- 
ture, bronchoscopy and roentgenographic appearance. 

Enlargement of the regional tracheobronchial and bronchopulmonary lymph 
nodes is an essential component of the primary complex. That such lymph 
node involvement produces no symptoms in the vast majority of cases and runs 
the benign course characteristic of primary tuberculous infection, with resolution, 
shrinkage, fibrosis and calcification, is a matter of common knowledge. Not 
infrequently, however, the hilar nodes become extremely enlarged, produce 
marked pressure on the tracheobronchial tree and become the initiating factor in 
setting off a chain of serious complications with severe and occasionally dire 
results to the patient. Pressure on the wall of a main bronchus may lead to com- 
plete occlusion of the bronchial lumen. This in turn produces atelectasis, 
bronchiectasis and emphysema involving an entire lung. Pressure on the wall 
of a bronchus by a caseous, enlarged lymph node may also produce invasion of 
the wall of the bronchus by the caseous process and result in an ulcerative bron- 
chitis, with all the serious sequelae attendant upon such a process. Rupture of 
the caseous lymph node into the lumen of a major bronchus may occur, followed 
by massive bronchogenic spread of the tuberculosis. 

Eloesser (1) in his classical treatise on bronchial stenosis, written nearly a dec- 
ade ago, mentions enlarged hilar lymph nodes as one of the important causes of 
this condition. However, in his noteworthy report he does not mention any 
method of treatment of this underlying process causing the bronchial occlusion. 
Jones, Rafferty and Willis (2), in an interesting paper on primary tuberculosis, 
confirm previous reports that the entity commonly referred to as ‘‘epituberculo- 
sis’ is simply an atelectatic condition of a lobe or lobule produced by pressure of 
enlarged lymph nodes which cause interference with bronchial drainage and aera- 
tion. They present a series of 85 such cases of ‘“‘epituberculosis” seen over a 
period of five years at the Maybury Sanatorium, of which 42 were checked by 
bronchoscopy. Of these 42 cases, 17 showed narrowing of the bronchial lumen 
by extrinsic pressure from enlarged tracheobronchial lymph nodes. Of interest, 
too, is their finding of the syndrome of external pressure by enlarged lymph nodes, 
tuberculoma and ulcer, all occurring in the same patient in many instances: This 
sheds light on one of the modes of pathogenesis of tuberculous ulceration of the 
bronchi. The fact that 10 of the 42 cases died attests to the potential serious- 
ness of this condition. The ratio of Negro to white children in this series was 


1From the Medical Service of Healthwin Hospital, Dr. Edward W. Custer, Medical 
Director, South Bend, Indiana. 
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about 4:1. That atelectasis and, in some cases, bronchiectasis are the end re- 
sults of complete bronchial occlusion is experimentally demonstrated by Tannen- 
berg and Pinner (3) in rabbits, where extrinsic bronchial pressure was simulated 
by ligation of a major bronchus. Myerson (4), in a report based on bronchos- 
copies performed in 580 tuberculous patients, found that, out of 29 children 
bronchoscoped, 13 showed lesions of the major bronchi, 7 of which were due to 
lymph node pressure. He further states the incidence of bronchial tuberculous 
lesions in adults caused by lymph node pressure as about 1 per cent. 

Sweany (5), in a review of pathological material based on 800 autopsies of tuber- 
culous cases, concluded that the hyperplastic and overflowing types of primary 
lymph node lesions were more common in Negroes. Auerbach (6) in a review of 
17 cases presenting a progressive primary complex, proved by autopsy, at Sea 
View Hospital, found 2 cases in which a caseous node had ruptured into a neigh- 
boring bronchus. Sanes and Smith (7) report a single case of massive pulmonary 
atelectasis causing death in a thirty-seven year old woman. Autopsy revealed 
the cause to be bronchial obstruction by calcified tracheobronchial lymph nodes. 

The foregoing allusions to the literature will serve to emphasize the necessity 
of making an early diagnosis of beginning occlusion due to enlargement of tuber- 
culous hilar lymph nodes. Any safe mode of therapy which could achieve an 
arrest of the acute process in the lymph nodes, with a corresponding decrease in 
their size, would distinctly be indicated. 


RADIATION THERAPY IN TUBERCULOUS LYMPHADENITIS 


The use of roentgen rays in the treatment of tuberculous lymphadenitis dates 
back almost to the discovery of the roentgen rays themselves. Bergonie and 
Terrier in 1898, and Dawson-Turner in 1900 are variously credited with the first 
reports of the treatment of lymph node tuberculosis by X-rays. Williams (8), 
in a text-book published in 1903, stated that even the largest tuberculous lymph 
nodes responded well to roentgen therapy. In 1917 Albert-Weil (9) reported 10 
cases of cervical tuberculous adenitis treated by X-ray with good results. He 
stressed the danger of too low dosage as possibly having a stimulating rather than 
inhibitory effect, and also noted that, if used properly, X-rays produced no tend- 
ency toward the spread of the tuberculosis. In 1927, Hanford (10) reported a 
series of 141 cases of cervical tuberculous adenitis and noted no ill effects from this 
form of treatment. He found that, at the end of an average follow-up period of 
13.1 months, conservative treatment with small doses of filtered roentgen rays 
produced satisfactory results in 70.9 per cent of all patients. 

In recent years the use of radiation therapy for the treatment of all types of 
chronic inflammations has become more widely recognized and utilized. Des- 
jardins (11) notes among other chronic inflammatory conditions tuberculous 
adenitis as being amenable to such treatment. The literature in the past decade 
is replete with reports of good results obtained with the use of roentgen therapy 
for tuberculous cervical adenitis—in fact such treatment has almost come to 
supplant surgery for this condition. 

It is apparent that the use of X-rays in the treatment of tuberculous lymph 
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nodes is by no means a new departure in therapy. -It was, therefore, a source of 
great surprise to the author to find, after a careful, though by no means exhaus- 
tive, review of the literature, not a single case of hilar tuberculous lymph nodes 
treated in this manner. Samson (12) does report 5 cases with chronic hyper- 
plastic and granulo-ulcerative tracheobronchial mucosal tuberculosis, in which the 
use of roentgen ray therapy has apparently resulted in a regression of the lesions. 


CASE REPORT 


The patient, A. S., a seventeen year old colored girl, was admitted to Healthwin Hospital 
on July 15, 1941. Her family history revealed contact with an uncle who was already in 
the hospital with pulmonary tuberculosis. Her past history revealed nothing significant. 
Her present illness had its onset in January, 1941, with a cold. Following this she con- 
tinued coughing. In April, 1941 her cough became worse and she developed a pain in her 
left chest and severe night sweats. She was examined at the Anti-Tuberculosis League 
Clinic in South Bend, where a Mantoux test was done and found positive, and an X-ray 
film of the chest revealed a right pleural effusion. She discontinued school, but did not 
conform to absolute bed-rest at home, as had been ordered. In June, 1941, she was de- 
livered of a full-term baby at St. Joseph’s Hospital in South Bend. When her physicians 
learned of her tuberculous condition, she was transferred to Healthwin Hospital. On ad- 
mission she presented symptoms of cough, expectoration, pain in left chest and loss of 
weight. Physical examination on admission revealed abnormal findings limited to the 
chest: there was dulness to flatness on percussion in the lower half on the right, anteriorly 
and posteriorly, and, on auscultation, absent breath sounds over the same area. The 
admission X-ray film revealed a pleural effusion on the right, with no definite evidence 
of parenchymal involvement on either side. The left hilar nodes were somewhat en- 
larged. Her temperature was 100.6°F. Her blood count revealed: 4,240,000 red cells, 
86 per cent haemoglobin (Sahli), 4,800 white cells, 80 per cent polynuclears, 20 per cent 
lymphocytes. The urine was essentially normal. The sputum was negative for acid-fast 
bacilli on repeated concentrate examinations. 

The patient was placed on absolute bed-rest. Her course was febrile at first, with 
temperature ranging from 101° to 103°F. On August 7, 1941, 400 cc. of fluid was aspirated 
from her right chest, which proved sterile on bacteriological examination. After this, 
her temperature showed a gradual tendency to subside. In November, 1941, she first 
began to complain of occasional wheezing in her left chest and occasional and slight short- 
ness of breath. An X-ray film taken on November 5, 1941 revealed the findings of pleural 
effusion and thickened pleura on the right, as previously, while on the left the main bron- 
chus, which was well seen, revealed a suggestion of slight narrowing of the lumen a short 
distance distal to the bifurcation of the trachea (figure 1). The patient was continued on 
absolute bed-rest. She continued to complain of occasional wheezing in her left chest. 
An X-ray film on February 28, 1942 again clearly outlined the left main bronchus and 
revealed a definite narrowing of the lumen distal to the tracheal bifurcation, at the pre- 
viously suspected site of constriction (figure 2). Her wheezing and dyspnoea gradually 
increased. In June, 1942, for the first time, a wheeze was heard in her left chest on auscul- 
tation. An X-ray film at this time showed slight parenchymal infiltration in her left sub- 
clavicular region. At this time the patient stated that her wheezing was worse at night 
and on exertion. It was decided at the Staff Conference that bronchoscopy should be 
done, and on July 4, 1942 bronchoscopy? was performed. The bronchoscopic examination 


2 This and subsequent bronchoscopy were performed by Dr. Edward W. Custer. 
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Fic. 1. (Upper left.) November 5, 1941. Shows beginning obstruction of left main 
bronchus by enlarged hilar nodes. 

Fic. 2. (Upper right.) February 28, 1942. Marked narrowing of the lumen of the left 
main bronchus is now seen, due to pressure of the enlarged hilar nodes. 

Fie. 3. (Lower left.) December 29, 1942. Two months following beginning of radiation 
therapy. There is marked decrease in the narrowing of the left main bronchus. 

Fig. 4. (Lower right.) May 19, 1943. Seven months following onset of radiation ther- 
apy. There is no longer any evidence of bronchial constriction. 

Note: These tracings were made from the actual roentgenograms. 
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revealed some inflammation of the mucous membrane of the trachea. The carina was 
found to be markedly widened. The lumen of the right main bronchus was elliptical in 
shape, due to compression of the medial and posterior wall. The left main bronchus was 
likewise narrowed by compression from without and the lumen was contracted to a slit. 
No attempt was made to introduce the bronchoscope beyond the point of obstruction on 
either side. Bronchoscopic diagnosis: Bilateral compression of the bronchi by enlarged 
mediastinal lymph nodes. 

The general supportive treatment and bed-rest were continued, but the patient’s 
symptoms became more and more severe. By September, 1942 her dyspnoea had in- 
creased sufficiently to cause her some respiratory embarrassment on exertion. Her whee- 
zing was very troublesome and kept her awake at night. It was apparent that her bron- 
chial compression was gradually becoming more severe. After consultation with the 
consulting roentgenologist of the hospital, Dr. L. G. Ericksen, treatment by radiation 
therapy was decided upon. 

Therapy was carried out in the Radiation Therapy Clinic of Epworth Hospital, South 
Bend, under the supervision of Dr. L. G. Ericksen. Weekly treatments were begun on 
October 22, 1942, and the patient received a total of six treatments. Each treatment con- 
sisted of 112 r, at 200 K.V., with a 0.5 mm. copper filter. Treatments were alternated 
between the anterior mediastinum and the posterior mediastinum, so that a total of 336 r 
was given to the anterior mediastinum, and 336 r to the posterior mediastinum, for a com- 
bined total of 672 r. 

The symptomatic result was dramatic. After the first treatment was administered 
the patient noted diminution in wheezing. Both dyspnoea and wheezing had completely 
disappeared after the third treatment, and the patient was very much relieved. The 
temperature, which had been ranging between 99° to 99.6°F., now showed a tendency to 
remain below 98.6°F. No adverse effects on her pulmonary tuberculosis were demon- 
strable, either symptomatically or on roentgenographic study. Bucky film on December 
29, 1942 revealed some constriction of the left main bronchus but markedly less than on 
the film of February 28, 1942 (figure 3). The patient continued to improve and became 
semi-ambulatory. In April, 1943 it was decided to do another bronchoscopy for com- 
parison. This was performed on April 9, 1943 and revealed the carina still widened, but 
considerably less so than on previous examination. The lumina of both bronchi appeared 
somewhat narrowed but adequate. There was no evidence of ulceration. Bucky film 
on May 19, 1943 revealed no evidence of compression of the left main bronchus at the 
previous site of narrowing (figure 4). At the present writing, it is eight months following 
beginning of radiation therapy. The patient is afebrile, ambulatory, and the last X-ray 
film shows some improvement of the tuberculous infiltration in the subclavicular region on 
the left. She has been positive on gastric lavage, once by direct examination, and once 
by guinea pig inoculation. 


DISCUSSION 


After reviewing the great number of papers dealing with the successful treat- 
ment of tuberculous lymph nodes by roentgen rays, which have been reported in 
the journals devoted to X-ray therapy, it becomes obvious that tuberculous 
lymphadenitis is very amenable to such form of therapy. These papers for the 
most part deal with cervical tuberculous nodes. There is no apparent reason 
why hilar tuberculous lymph nodes should not react to this treatment in the same 
way as do lymph nodes in the neck similarly involved. The satisfactory result 
obtained in the patient here reported would seem to favor such a premise. 


gt 
ae 


36 KAL FREIREICH 


It is probable that, because enlargement of the hilar nodes is so often seen in 
primary tuberculosis and so rarely produces any ill effects, treatment by roentgen 
rays has not been more often used. It would seem that, when enlarged nodes 
begin to show signs of impending bronchial obstruction, such treatment could be 
used to good advantage, possibly obviating some very serious complications. 

Hesitation in regard to this mode of therapy in the past may have been based on 
fear of the possibility of producing harmful effects on the accompanying pulmon- 
ary disease. No such effects were noted in our patient. The small dosage re- 
quired to obtain good results is probably an important factor. It may be worth 
mentioning here that another patient at Healthwin Hospital, who received radia- 
tion therapy for hyperthyroidism complicating pulmonary tuberculosis, never 
showed any ill effects upon her cavitary, pulmonary disease and has run a very 
favorable course following crushing of the phrenic nerve and has been discharged 
from the hospital to attend the out-patient clinic. 


CONCLUSIONS 


No remarkable conclusions can be drawn from a single case. It would appear, 
however, that radiation therapy is a safe form of treatment to be tried in certain 
cases of marked tuberculous hilar lymph node enlargement which threatens to 
produce severe bronchial compression. This treatment should always be used in 
consultation with a skilled radiation therapist. 

It is hoped that greater interest in this type of treatment may be stimulated by 


this report. 
SUMMARY 


1. A patient with tuberculous hilar lymphadenitis, which produced marked 
bronchial obstruction, and its successful treatment by X-rays, as judged by symp- 
toms, X-ray picture and bronchoscopy, is reported. 

2. Radiation therapy for mediastinal tuberculous lymph nodes seems to be a 
safe procedure when used in consultation with a skilled radiation therapist. 


SUMARIO 


1. Presentése un caso de linfadenitis tuberculosa del hilio que produjo mucha 
obstruccién bronquial, dando resultado en el tratamiento los rayos X, segtin 
indican los sintomas, el cuadro roentgenoldégico y la broncoscopia. 

2. La radioterapia parece sér un procedimiento inocuo para los ganglios 
linfaticos tuberculosos del mediastino, cuando se utiliza en consulta con un 
radioterapetita adiestrado. 
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LOWER LOBE BRONCHIECTASIS ASSOCIATED 
WITH TUBERCULOSIS: 


EARL B. MITCHELL anp T. F. THORNTON, Jr. 


Improvement in surgical technique in the care of patients often plays an im- 
portant réle in encouraging the development of more accurate methods of diag- 
nosis. Thoracic surgery has made rapid strides during the past decade withthe 
result that lobectomy performed by competent chest surgeons is to-day a rela- 
tively safe operation. The mortality from this procedure is now reduced to 5 
per cent or lower in several large institutions (1, 2,3). Because of this develop- 
ment, increasing numbers of patients with bronchiectasis are accepting this 
operation which offers far greater relief in most instances than the older methods 
of medical management. Patients who have received the greatest benefit from 
surgery, in the experience of several authors, have had only one lower lobe in- 
volved (1, 2, 3). Although bronchiectasis does occur in the upper lobes it is 
usually in association with old tuberculous lesions and seldom necessitates treat- 
ment for the bronchiectasis alone. The fact that tuberculosis has so frequently 
been the underlying disease in bronchiectasis of the upper lobes and has not been 
found in most cases of lower lobe bronchiectasis has given rise to a widely ac- 
cepted and reasonably accurate rule of thumb, namely that “bronchiectasis 
limited to an upper lobe is tuberculous, and limited to the lower lobe is nontuber- 
culous.” Prior to the increased popularity of lobectomy for the treatment of 
bronchiectasis, mistakes resulting from exceptions to this rule were of more 
academic interest than of practical importance. However, the dangers of lung 
resection in the presence of tuberculosis have been recently emphasized by 
Thornton and Adams, who reviewed their own cases and those reported in the 
literature (4). There was a significantly higher incidence of complications, which 
sometimes resulted in death, among these patients than would have been antici- 
pated had no tuberculosis been present. For that reason it is highly desirable 
to be aware of the presence of tuberculosis in this group of patients when it 
exists. That this is often not simple may be readily illustrated by the growing 
number of case reports in which unsuspected tuberculosis has been found in the 
microscopical sections of lung tissue removed by surgery. 


DEVELOPMENT OF BRONCHIECTASIS ASSOCIATED WITH TUBERCULOSIS 


Some comprehension of the mechanism by which tuberculosis may lead to the 
later development of bronchiectasis is important in the consideration of this 
problem. Many authors who have studied the subject of bronchiectasis have 
emphasized the importance of infection of the bronchial wall and mechanical 


1 From the Departments of Medicine and Surgery, The University of Chicago, Chicago, 
Illinois. 

2 This work was supported in part by a grant from the Douglas Smith Foundation for 
Medical Research of the University of Chicago. 
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factors which produce varying degrees of bronchial obstruction. While there 
has been general agreement that these two mechanisms acting together will 
produce bronchiectasis, the relative importance of each has been a subject of 
controversy. Erb (5) believes that the essential lesion in the production of 
bronchiectasis is an ulcerative bronchitis but adds that this must be associated 
with some degree of mechanical obstruction. Hedblom (6), however, places 
particular importance on mechanical force under which he includes atmospheric 
pressure during inspiration, partial obstruction of a bronchus impeding the exit 
of air and pulmonary atelectasis lessening support external to the bronchus. 
Andrus (7) emphasizes the importance of the forces of “elastic hypertension” 
present in atelectasis in the production of bronchiectasis but agrees that infec- 
tious injury to the bronchial wall is also necessary. Tannenberg and Pinner 
(8) have produced marked bronchiectasis in animals with pneumothorax in 
whose lungs there should have been little elastic tension. Kent (9) calls atten- 
tion to the increasing recognition of pulmonary atelectasis during the course of 
childhood tuberculosis in recent years and reports 8 such cases in which the 
atelectasis had been present longer than six months. Later investigation showed 
bronchiectasis in the areas of the lung which had been previously atelectatic. 
Two cases in which the atelectasis had been present for less than six months 
failed to show this change. Adams and Escudero (10), working on dogs, were 
unable to produce bronchiectasis by completely obstructing a bronchus and they 
concluded that the factors necessary for dilatation are incomplete obstruction 
and infection. The chief importance of atelectasis in regard to dilatation, ac- 
cording to Weinberg (11), is after degenerative changes have taken place in the 
bronchi. The bronchial walls then gradually yield to the effects of the increased 
external and internal pressure differences induced by the collapsed lobe. 

Since most ulcerative lesions of the bronchi may result in a certain amount 
of obstruction either as a result of inflammatory changes in the bronchial wall 
or by accumulation of exudate within the lumen, the two processes are often 
intimately related. In general it appears that both infectious and mechanical 
factors are essential in the development. of bronchiectasis and the relative im- 
portance of each may vary widely depending on the relative virulence of the 
invading organisms, the degree and duration of mechanical obstruction present. 

It has frequently been observed that tuberculosis resulting in stenosis of the 
bronchi is associated with bronchiectasis distal to the obstruction. As Eloesser 
(12) noted, tuberculous lesions involving the bronchi may take many forms. 
Caseous ulcers of the mucosa extending into the submucosa or hyperplastic sub- 
mucous infiltrates may produce thickening of the wall sufficient to cause obstruc- 
tion. Submucous granulomata with hyperplasia of the submucous lymph 
follicles may produce a similar result. Later fibrous scars may develop which 
kink or distort the bronchial wall sufficiently to cause obstruction. Extramural 
lesions such as tuberculous peribronchial or peritracheal lymph nodes may 
compress the bronchial wall or infection may extend from the lymph nodes into 
the wall of the bronchus and produce the same effect. No reliable statistics are 
available on the incidence of tuberculous infection of the bronchj in pulmonary 
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tuberculosis. The statistics reported vary widely according to the methods of 
examination and to the stage of the disease in the patients examined. Burgher, 
Littig and Culp (13) found tuberculous involvement of the bronchi in 33.6 per 
cent of an autopsy series with the aid of microscopical sections, whereas Flance 
and Wheeler (14) found only 3.1 per cent with gross lesions in 285 autopsies. 
Sampson and McIndoe (15) bronchoscoped patients admitted to a tuberculosis 
sanatorium and found ulceration in 11 per cent of the cases. Warren, Hammond 
and Tuttle (16) found by bronchoscopic examination ulceration in 13.3 per cent 
of 90 patients, in whom thoracoplasty was recommended. 

The bronchial secretions are important in disease of the bronchi. Thick 
viscid mucopus may effectively plug bronchi and may serve as a satisfactory cul- 
ture media for a wide variety of organisms. Mucopus often accumulates in 
bronchi distal to a partially obstructed bronchus. The bronchial wall then be- 
comes more infected and sometimes seriously weakened. 

The effect of traction fibrosis in producing bronchial dilatation by the action 
of retracting scar tissue pulling on the bronchial wall has been emphasized by 
Hamilton (17), Findlay and Graham (18) and Hedblom (6). Because of the 
frequent occurrence of ectasia in chronic fibroid phthisis this theory has been 
widely accepted. However, Lisa and Rosenblatt (19) concluded, after reviewing 
their pathological material, that bronchial dilatation occurs in the acute phase 
of the disease before the appearance of fibrosis and that the actual effect of 
fibrosis is to contract the bronchus and not to widen it. Their evidence was the 
puckering of bronchial epithelium and compression of bronchi which were found 
within areas of dense fibrosis. 


CASE REPORTS® 


Case 1: A. M. 223495. This white female was seen at the University of Chicago Clinics 
in 1939 at the age of twenty. She gave a history of whooping cough and pneumonia at the 
age of eight months. Since that time she had a cough, raising from one-quarter to one 
cupful of sputum a day. The sputum was thick, yellow, but not foul. There had been 
occasional blood-streaking and one gross pulmonary haemorrhage. She had a good appe- 
tite and had maintained her weight. Postural drainage had been practiced for some time 
before entry. She developed pain in her chest and dyspnoea. A low grade fever had been 
present intermittently for five years. 

Physical examination revealed a well developed, slightly obese female. Dulness and 
decreased breath sounds were noted over the left base and a few rales were present. Blood 
pressure was 114/66, temperature 99.2°F., white blood count 10,000, red count and urine 
were normal. Bronchoscopy revealed mucopus in the bronchus to the left lower lobe and 
bronchography demonstrated tubular bronchiectasis of the left lower lobe. Five sputum 
examinations were made; all were negative, save one in which three tubercle bacilli were 
found. The accuracy of this last finding was considered doubtful at the time. All 
sputum examinations at this clinic are made by the antiformin concentration method, 
using the Ziehl-Neelsen stain. Cultures are not made routinely. 

She was admitted to the hospital and on September 8, 1939 the left lower lobe was re- 


3 Cases 1, 2 and 3 have been reported elsewhere by Thornton and Adams. 
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moved. On September 23, 1939 a localized empyema was drained. Convalescence was 
otherwise uneventful. A sinus developed at the site of drainage and did not close until 
June, 1940. Microscopical section through the removed specimen demonstrated marked 
bronchiectasis. The bronchi and peribronchial tissue near the hilum of the lobe showed 
extensive tuberculosis. No other portion of the lobe contained any tubercles (figures 
1 and 2). 


Fig. 1 (Left). Case 1. Section through a lower lobe shows tuberculous infection about 
the hilum and bronchiectatic cavities throughout the lower half of the lobe. Arrow 
indicates the area shown under high power in figure 2. 

Fig. 2 (Right). Case 1. Shows partial obliteration of the lumen of a small bronchus by 
large tubercles and chronic inflammatory changes within its wall. Most of the epithelial 
layer remains intact. 


In March, 1940 she had pleurisy with effusion on the right side. Tuberculosis was 
never proved from the fluid, but a presumptive diagnosis of tuberculous effusion was made. 
She recovered on bed-rest and had remained well to date. 

Final diagnosis: Tuberculosis and bronchiectasis, left lower lobe. 
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Case 2: 5. B. 257417. This twenty year old white male was seen at the University of 
Chicago Clinics on February 13, 1941, complaining of a cough productive of one-half 
cupful of sputum a day for five years. The sputum was thick, yellow and had a foul odor. 
On two occasions the patient had noticed slight haemoptysis. He had a good appetite 
and maintained constant weight. Severe exertion brought on coughing spasms. The 
cough was worse when lying down and this made sleeping difficult. The patient had pneu- 
monia at the age of seven years and was incapacitated for three years following that illness. 
There was no family history of tuberculosis. 

Physical examination revealed a thin, pale, young white male. Positive physical find- 
ings included the productive cough, moist rales in the left base and a temperature of 99°F. 
The red blood count was 5,090,000 and the white blood count 7,400. Urine and blood 
serology were normal. X-ray examination revealed maxillary sinusitis. Iodized oil 
injection of the tracheobronchial tree was done and demonstrated saccular bronchiectasis 
of the left lower lobe. 

The patient was hospitalized on March 18, 1941. Bronchoscopy was performed and 
mucopus was seen coming only from the left lower lobe bronchus. A single sputum exam- 
ination was negative for acid-fast bacilli. On March 21, 1941 the left lower lobe was 
removed. Section of the excised lower lobe was similar to that seen in case 1. The 
bronchi at the hilum were involved with tuberculosis and the periphery of the lung 
showed nonspecific bronchiectasis. Recovery from the operation was rapid, but was com- 
plicated by a small empyema which was drained on April 5, 1941. A small sinus formed at 
the site of drainage and remained open for seven months. 

The patient has remained well to date. He has gained weight, has a little cough, but 
practically no sputum, and has no evidence of tuberculosis. Repeated examinations of 
the sputum since operation have been negative. 

Final diagnosis: Tuberculosis and bronchiectasis, left lower lobe. 


Case 3: E. H. 244923. This twenty-eight year old female was admitted to the University 
of Chicago Clinics on August 5, 1940. She gave the history that she had aspirated a piece 
of lamb bone in July, 1937. She seemed to dislodge the bone by coughing. In October, 
1937 she first noticed a productive cough and wheeze. These symptoms did not affect 
her general health and it was September, 1939 before she consulted a physician. He did 
an iodized oil injection that showed a block in the bronchus of the right lower lobe. 
Bronchoscopic removal of the plug was attempted and resulted in some improvement. 

Our examination revealed a young white female who appeared to be in good health. 
General examination was negative except for the chest. There was dulness to percussion 
and suppression of breath sounds over the right base posteriorly. The usual laboratory 
examinations were within normal limits. Five sputum smears were negative. A roent- 
genogram of the chest revealed the.typical triangular shadow seen with collapse of the 
right lower lobe. 

Repeated bronchoscopies were performed and an obstructing lesion was partially re- 
moved from the right middle and lower lobe bronchi. Microscopical sections of the 
bronchoscopic biopsies showed only necrotic debris. There was some improvement fol- 
lowing these bronchoscopies, but soon the symptoms became worse. It was felt that the 
bronchial obstruction was destroying the lung tissue behind the block so the right middle 
and lower lobes were removed on October 24, 1940. Recovery was rapid, but complicated 
by an empyema which was drained on November 23, 1940. Sections of the excised tissue 
revealed bronchiectasis and fibrocaseous tuberculosis. There was no localization of the 
tuberculous involvement as in cases 1, 2 and 4. 
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Sputum was positive for acid-fast bacilli following operation. On January 2, 1941 she 
was discharged to a sanatorium. The empyema drainage site later reopened. She began 
to have a daily fever and continued to have a positive sputum. Roentgenograms have 
failed to demonstrate spread to the left lung, but there is bronchoscopic evidence of in- 
volvement of the right upper lobe bronchus. 

Final diagnosis: Tuberculous stenosis of the right middle and lower lobe bronchi with 
bronchiectasis and atelectasis. 


Case 4: M. 8. 291155. This patient was a twenty-two year old white female who was 
admitted to the hospital on August 17, 1942. She gave a history of pneumonia two and 
one-half years previously followed by rapid and complete recovery. One year later she 
again contracted pneumonia (December, 1940). X-ray films taken at that time showed a 
pneumonie infiltration in the right base and an apical lesion on the same side which was 
thought to be tuberculous. Her doctor performed a temporary phrenic nerve interruption 
on the right side and sent her to a sanatorium in January, 1941. Two weeks after her 
entry into the sanatorium she began to raise about one cupful of sputum a day and had five 
episodes of haemoptysis. She ran a fever from January to March, 1941. Following that 
her temperature was normal. Sputum was positive until January, 1942, and was said to 
have been negative after that time. A pneumothorax was attempted on February 20, 
1941 without success. From October, 1941 to February, 1942 a pneumoperitoneum was 
maintained. During the sanatorium stay both the apical and basal lesions on the right 
side cleared slowly. However, her cough and sputum persisted, so a bronchogram was 
made. This revealed cylindrical and saccular bronchiectasis in the right lower lobe. 

Physical examination revealed a well developed, well nourished white female. Abnor- 
mal physical findings were limited to the chest. Loud rhonchi could be heard. By plac- 
ing one’s hand on the chest these could be localized to the right lung. On auscultation 
loud rales were heard over the right base. Temperature was normal, the white blood count 
13,000 and urine normal. A bronchogram confirmed the diagnosis of bronchiectasis 
limited to the right lower lobe. On August 10, 1942 bronchoscopy was performed. Con- 
siderable mucopus was found in the right main bronchus which was thought to be some- 
what stenosed. No granulations or ulcerations were noted. Sputum examinations on 
August 18, 19 and 20 all showed Gaffky 2. Since X-ray films over several months’ time 
revealed no change, we felt that removal of the bronchiectatic lobe would probably remove 
all the active tuberculosis. On August 21, 1942 a right lower lobectomy was done. Post- 
operatively the patient did fairly well. Her temperature was never over 100°F. and by 
the tenth postoperative day it was normal. The wound healed well and no empyema 
developed. She did develop collapse of the right upper lobe and was bronchoscoped twice 
postoperatively to relieve the condition. Sputum was examined on five occasions follow- 
ing operation and only one specimen revealed tubercle bacilli. She was returned to the 
sanatorium in good condition on September 6, 1942. 

Microscopical examination of the right lower lobe was surprisingly similar to cases 1 
and 2. Asmall area at the hilum showed extensive tuberculous peribronchial infiltration. 
The peripheral portion of the lobe was moderately bronchiectatic. 

On September 16, 1942 she was readmitted with a history of fever and nonproductive 
cough for two days. Physical examination revealed a temperature of 101.6°F., dulness 
and practically absent breath sounds over the right chest. X-ray examination showed 
clouding of the right upper lung field which was thought to be due to atelectasis. Bron- 
choscopy revealed no cause for atelectasis. The patient was kept in bed for one month. 
Her temperature rapidly returned to normal, but the opacity in the right upper lung field 
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remained. She raised about an ounce of sputum a day which averaged Gaffky 2. It was 
felt that she had a spread of her tuberculosis and on October 25, 1942 she was returned to 
the sanatorium for a period of bed-rest. Recent X-ray films confirm the impression of 
tuberculosis of the right upper lobe and suggest that a thoracoplasty to collapse this lobe 
may be necessary at some future time. 

Final diagnosis: Pulmonary tuberculosis of the right upper and lower lobes and bron- 
chiectasis of the right lower lobe. 


Case 5: J. C. 296406. This thirty-five year old male was seen in the Chest Clinic on 
November 2, 1942. In December, 1935 the patient began to go down-hill following an 
upper respiratory infection. He developed a productive cough, and lost weight con- 
stantly. His appetite was poor and his strength began to fail. In March, 1936 he con- 
sulted his physician who made a diagnosis of pulmonary tuberculosis after examination of 
a chest X-ray film and the sputum. Complete bed-rest was advised and the patient 
carried out this regimen at home for eleven months. During this period he made constant, 
gradual improvement and his symptoms subsided. He returned to work in the spring of 
1937. He remained at work most of the time, but after severe exertion would have a 
return of his former symptoms that would require one to four weeks of bed-rest. In 1938 
he had a pleural effusion. This cleared after one month in bed. In 1941 three attempts 
to institute pneumothorax were unsuccessful. He was referred to the clinics for advice 
regarding the advisability of a thoracoplasty. 

Physical examination revealed his temperature to be 99.4°F. The right lung was clear. 
The left chest was dull to percussion and breath sounds were diminished. Moist rales 
were heard throughout the left lung field. The left leaf of the diaphragm was elevated. 
There were no other physical findings of note. Blood and urine examinations were normal. 
Three sputum examinations showed Gaffky 1. X-ray examination of the chest revealed 
marked shift of the mediastinal structures to the left with a 2 cm. cavity in the left 
mid-lung field. The right lung was clear. Iodized oil injection demonstrated saccular 
bronchiectasis of the left lower lobe. Bronchoscopy, performed on November 9, 1942, 
showed considerable mucopus coming from the left lower lobe bronchus. It was felt that 
lobectomy could be done later if the symptoms of bronchiectasis warranted. He entered 
the hospital in April, 1943 for thoracoplasty, at which time his sputum consistently was 
Gaffky 5 to 6. 

Final diagnosis: Tuberculosis of the left lung and bronchiectasis of the left lower lobe. 


DISCUSSION 


The diagnosis of tuberculous bronchiectasis involving a lower lobe is not 
easily made, probably because it is not often suspected. Several possible diag- 
nostic aids present themselves but are not of great value as they are often present 
in ordinary bronchiectasis. Some of these patients have a history of a severe 
pulmonary disease at the onset of their illness. This may well have been tuber- 
culosis, but patients with ordinary bronchiectasis usually give a similar history. 
All patients in this series had unilateral lesions. It is probable that almost all 
tuberculous bronchiectasis is unilateral, but about 20 per cent of ordinary bron- 
chiectasis is also unilateral. 

Certain features point more definitely to tuberculosis. Two of our patients 
(cases 4 and 5) gave a definite history of recent tuberculosis, and examination of 
their sputum revealed tubercle bacilli. However, the other 3 patients gave his- 


Nae 

i= 

gt. 

é 


BRONCHIECTASIS AND TUBERCULOSIS 45 


tories that did not suggest recent tuberculosis and, except for one slide in case 1, 
there was no suggestion of acid-fast bacilli in the sputum. Two of these patients 
(cases 4 and 5) had scarring in the upper lobes according to X-ray examination 
compatible with tuberculosis. Bronchoscopic evidence of bronchial stenosis was 
present in 2 patients (cases 3 and 4).° In 3 instances the left lower lobe was in- 
volved and in 2 patients the right lower lobe was diseased. 

We believe that tuberculosis should be suspected in the presence of any of 
the following features: 


1: Suggestive history. 
2: Roentgenological evidence of apical tuberculosis. 
8: Bronchoscopic finding of bronchial stenosis. 

4: Unilateral or unilobar bronchiectasis. 


The diagnosis can be made with certainty only if a positive sputum is obtained. 
We believe that the importance of performing careful sputum examinations for 
tubercle bacilli should be stressed in all cases of bronchiectasis. It is easy to 
neglect this procedure in patients who present the typical history and physical 
findings of this disease, particularly when chest films show no evidence suggestive 
of tuberculosis. However, a certain small percentage of these cases may have 
active tuberculosis as well as bronchiectasis. Before we became aware of this 
possibility one of our patients (case 2) did not have an adequate examination of 
the sputum for tubercle bacilli. 

Pathological material is available on 4 of these patients (cases 1, 2, 3 and 4). 
Tourniquet lobectomy was done in all cases, leaving a small stump at the hilum 
of the lobe in situ. In cases 1, 2 and 4 the pathological picture was surprisingly 
uniform. There was tuberculous infection of the bronchi only at the hilum (see 
figures 1 and 2) and this had evidently produced bronchiectasis in the distal 
portions of the lobe, without actually seeding the entire lobe with tubercle bacilli. 
Since the bronchiectasis is also seen in the periphery of the lung without evidence 
of tuberculous bronchitis in these areas, one must assume that the hilar process is 
the causative agent. Whether there is actual stenosis of the hilar bronchi or 
pressure from lymph nodes that are invariably present in this area, or a combina- 
tion of factors is not clear, since the resection left a small portion of the hilum 
in all cases. Case 3 represents a dissemination of tuberculosis distal to a tuber- 
culous bronchial stenosis. 

No accurate figures are available as to the incidence of tuberculous bron- 
chiectasis. The cases reported here represent approximately 5 per cent of all the 
patients with bronchiectasis seen at the University of Chicago Clinics in the 
past ten years (20). In a recent review of 52 instances of lobectomy for pul- 
monary tuberculosis, 12 patients had tuberculous bronchiectasis (4). Seven of 
these patients had lower lobe lesions, and in only one of these was tuberculosis 
proved before operation. The remaining 5 had upper lobe bronchiectasis and 
tuberculosis was suspected but not proved. In addition to the 12 patients with 
frank bronchiectasis, another 8 patients in that series had bronchostenosis with 
bronchiectasis and atelectasis. 
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The importance of recognizing the presence of tuberculosis in these patients 
before treatment is instituted cannot be overemphasized. If medical manage- 
ment is to be advised the regimen should be primarily for the tuberculosis and 
not for the bronchiectasis. If surgical intervention seems indicated, one must 
bear in mind that the mortality for lobectomy in patients with tuberculous bron- 
chiectasis has been 18 per cent. Furthermore distressing complications will oc- 
cur in about one-third of the patients. These consist of persistent bronchial 
fistula or sinus, spread of the disease and tuberculous empyema. Patients 1 and 
2 in this group developed sinuses that persisted ten and seven months, respec- 
tively, and patient 4 developed a spread to the upper lobe on the same side with 
recurrence of positive sputum. Case 3 is unimproved and is still in a sanatorium. 
In spite of the obvious risks involved there is a definite indication for surgical 
management if the symptoms of bronchiectasis are severe and the tuberculosis 
seems stationary in the remainder of the lung fields. If the diagnosis can be 
made early in the course of treatment we believe that the judicious use of thora- 
coplasty or lobectomy, or a combination of these procedures, will give a favorable 
result in a high percentage of cases. 


CONCLUSIONS 


1. Five cases of tuberculosis associated with bronchiectasis involving a lower 
lobe are presented which represent 5 per cent of the cases of bronchiectasis seen 
in the University of Chicago Clinics during the last ten years. 

2. Aids in the diagnosis of tuberculosis associated with bronchiectasis are sug- 
gestive history, roentgenological evidence of tuberculosis elsewhere in the lungs, 
bronchostenosis and unilateral lesions. 

3. Adequate examination for tubercle bacilli should be made in all cases of 
bronchiectasis. Sputum examination was positive in 3 cases. 

4. The main aetiological factor seems to be tuberculous bronchitis with 
stenosis. 

5. Surgical intervention should not be undertaken without due regard for 
the added risk of lobectomy in the presence of active tuberculosis, but is indi- 
cated when the symptoms of bronchiectasis are sufficiently severe and no active 
tuberculosis is present elsewhere in the lungs. 


CONCLUSIONES 


1. Preséntanse cinco casos dé tuberculosis asociada con bronquiectasia en un 
ldébulo inferior, que representan 5% de los casos de bronquiectasia observados en 
las clinicas de la Universidad de Chicago durante los tiltimos diez afios. 

2. En el diagnéstico de la tuberculosis asociada con bronquiectasia ayudan: 
la historia, los signos roentgenolégicos de tuberculosis pulmonar, la broncoes- 
tenosis y las lesiones unilaterales. 

3. En todos los casos de bronquiectasia debe realizarse un examen adecuado 
en busca de bacilos tuberculosos. El esputo resulté positivo en 3 casos. 

4. El principal factor etiolégico parece consistir en bronquitis tuberculosa 
acompafiada de estenosis. 
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5. No debe emprenderse la intervencién cruenta ‘sin tomar debidamente en 
cuenta el riesgo mayor que entrafia la lobectomia en presencia de una tubercu- 
losis activa, pero haéllase indicada cuando los sintomas de bronquiectasia son de 
suficiente gravedad y no existe tuberculosis activa en otra parte de los pulmones. 
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CONTACT CASES! 
Their Relation to the Type of Case to Which They Are Exposed and to Age 
G. E. HARMON anp BRUCE H. DOUGLAS 


It is well known that contact with an open case of tuberculosis is more likely 
to result in infection than contact with a case of tuberculosis which has not 
reached the stage during which organisms are constantly or intermittently given 
off. The greater the number of organisms given off by a case of tuberculosis, 
the greater the danger that the associates may become infected. 

Theoretically it should be possible to determine whether or not the sputum, 
for example, of persons with tuberculous infection contains tubercle bacilli, and 
thus obtain a direct evaluation of the danger presented to contacts. However, 
this is not easy for technical and administrative reasons. A sample of sputum 
actually containing tubercle bacilli may be reported negative because the organ- 
isms were overlooked, or because sufficiently delicate methods were not used, 
or because enough examinations were not made. It is difficult, if not impossible, 
to keep an up-to-date central register of the sputum status of each case of 
tuberculosis. Then, a person may have a positive sputum today and a negative 
one shortly afterwards, or vice versa. Because of the practical difficulty of 
keeping track of these changes it is next to impossible to evaluate the danger that 
cases of tuberculosis may be to their associates. 

As set forth in table 1, of a total of 4,974 contacts registered in 1937, all of 
whom were followed and urged to be examined, 2,538 responded. Because of 
the difficulties enumerated above, it seemed best to report the results of examin- 
ing these responding contacts, followed over an average period of three years, 
according to the type of case to which they were exposed. 

The following types of exposure, based on the activity and extent of the 
disease process and multiple exposure, were adopted for classifying the contacts. 


1—Exposed to one minimal active case 
2—Exposed to one moderately advanced active case 
3—Exposed to one far advanced active case 
4—Exposed to two active cases 

5—Exposed to three active cases 

6—Exposed to four or more active cases 


The order of the listed types of exposure was assumed to represent in a rough 
way an increasing liability of infection for contacts, or to put it another way, the 
degree of exposure was thought of as increasing with the order of the types as 
listed from top to bottom. 

Table 2 plainly indicates that the percent of positive reactors increased 
regularly as the degree of exposure, as defined, increased. Of the contacts 
exposed to one minimal case, 45 per cent had a positive tuberculin test as com- 


1 From the Division of Tuberculosis, Department of Health, Detroit, Michigan. 
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pared with 69 per cent for the combined group of contacts composed of all those 
exposed to more than one active case. 

From table 3 it also appears that in a similar way the cases found per 100 
examined, whether on an uncorrected or corrected basis, increased regularly 
as the severity of the exposure increased. The corrected case rate was based on 
the assumption that, if the group of contacts, tuberculin-positive but not X- 
rayed, had been X-rayed, the proportion of active cases discovered would have 


Classification of the response of 4,974 contacts to the suggestion that they be examined, according 
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TOTAL CONTACTS 


TOTAL RESPONDING 


PER CENT RESPONDING 


873 


10-19 1,136 
20-29 972 
30-39 713 
40-49 580 
50-59 356 
60 and over 184 
Not stated 160 


4,974 


TABLE 2 


Distribution of contacts according to type of exposure and tuberculin test 


TYPE OF EXPOSURE 


TOTAL 


TUBERCULIN TESTS 


RESULT OF TEST 


CONTACTS 
EXAMINED 


Tested 


Positive 


Negative 


One moderately advanced case........ 
One far advanced case................ 
Four OF more Cases... . 


322 
807 . 
992 
308 
77 
32 


254 
534 
674 
185 

50 
16 


139 
279 
290 
66 
13 


2,538 


1 


,713 


787 


who were tuberculin-positive. 


suspicious or healed. 


been the same as the proportion of active cases discovered in the group who had 
a positive test and were X-rayed. The cases thus obtained were added to the 
known total active cases in calculating the corrected case rate. 

Of those examined, the total X-rayed included all who were not tuberculin 
tested (table 2), a few of those who were tuberculin-negative and most of thus 
Excluding the 101 active cases found, the X-ray 
films of the chest of the remaining 1,653 contacts were classified either as negative, 


It is evident from tables 2 and 3 that the amount of tuberculous infection 
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| 668 59.0 es 
399 41.0 eae 
254 44.0 ae 
143 40.0 
59 32.0 
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68 115 45.3 
273 255 47.8 
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judged by either the tuberculin test or the number of active cases discovered 
apparently depends upon the degree of exposure. However, there is the possi- 
bility that the groups of contacts were not similarly composed, and thus other 
factors may be responsible for the result ascribed to the degree of exposure. It 
is well known that the incidence of tuberculous infection is influenced by at least 
three factors, for example, age, sex and color. The number of contacts corre- 
sponding to the various exposure groups is too small to make it feasible to 
eliminate the possible effect of such factors by subclassification. The group of 
contacts would be too small for drawing conclusions if the exposure groups to 
be compared were limited to white males, twenty-five to thirty-four years, for 
example and, of course, this is only defining the groups according to one combina- 
tion of the three factors. 

It is possible to test the comparability of the exposure groups as to each of 
these three factors by using the chi-square test. The application of this test 


TABLE 3 
Distribution of contacts according to type of exposure and active cases found 


TUBERCULIN CASE RATE PER 
TUBER- POSITIVE 100 TOTAL 
CULIN X-RAYED EXAMINED 
PosI- 
| BOE Uncor-! Cor- 
RAYED | Total rected | rected 


case. 807 
One far advanced case 992 41 
417 35 


2,538 1,754) 10) 


seemed to justify the following conclusions. The exposure groups are similarly 
composed as to sex, but not as to color and age. In fact, the group of contacts 
exposed to multiple cases has a significantly higher proportion of colored and 
persons of young age as compared with the other groups. Chi-square testing 
yielded similar results for the population tuberculin tested. 

It is well known that the coldred have a higher tuberculosis case rate than the 
white population. On the other hand, the tuberculosis case rate among those 
in the younger age groups is less than.among those in the older age groups, and 
this is especially true if cases of primary active infection are not included. 
In view of these tendencies, it is held to be unlikely that the differences in the 
distribution of the contacts between the exposure groups based on age and 
color are alone sufficient to account for the excessive incidence of tuberculosis 
observed in the contacts exposed to multiple cases. 

The results of examining the contacts are set forth by age in table4. The case 
rates are the highest for the age groups 0 to nine and ten to nineteen, and in 


é 
TUBE 
TOTAL | 
ae TYPE OF EXPOSURE EXAM- | “hy 
INED 
NOT X 
RAYE 
One minimal case...........| 322) 129 103 2 181} 5 1.6 | 1.6 
One moderately advanced 
Ber 2.5 | 2.7 
4.1 | 4.4 
8.4 | 8.7 
4.0 | 4.2 
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general decline with increasing age. If, for the age groups 0 to nine and ten to 
nineteen years, the 17 and 3 included primary active cases, respectively, be 
removed from the total active cases, the case rates for the age group ten to nine- 
teen years are very much higher than for any other age group. This finding 
differs from that reported by Godfrey (1) for contacts, and as reported by 
Edwards (2) and observed by the Division of Tuberculosis, Detroit Department 
of Health, for general case-finding surveys. 

This difference may be due to the method of selecting the contacts included 
in the group. Only contacts to cases discovered or to persons dying of tubercu- 
losis during 1937 were included. There may have been additional known cases 
in the involved families previous to the 1937 case or death. These, of course, 
were not considered to come within the scope of the present study. 


TABLE 4 
Distribution of contacts according to age and active cases found 


TUBERCULIN CASE RATE PER 


TUBER- TUBER- POSITIVE 100 TOTAL 


CULIN CULIN X-RAYED TOTAL EXAMINED 
AGE | NEGATIVE | POSITIVE | 
NOT X- NOT X- por CASES 

Uncor- Cor- 


RAYED RAYED Total 


eo | rected | rected 


0-9 614 234 17 167 16 363 33 
10-19 668 175 29 245 15 464 39 
20-29 399 80 21 130 z 298 12 
30-39 350 47 20 114 3 283 9 
40-49 254 57 12 82 1 185 2 
50-59 143 38 11 36 --+ 94 1 

60 and over 59 16 6 19 —_ 37 — 
Not stated 51 18 3 14 — 30 5 


2,538 


In other words, the members of many of the families had been examined, often 
repeatedly, previous to 1937. This undoubtedly would tend to produce a 
situation in which cases among those in the older age brackets would have been 
detected and in a sense eliminated before the period of observation here reported 


upon. 
New cases, however, might very well have developed among the younger per- 


sons and have been discovered for the first time in undue proportions during 


the three-year period of examination. In a word, this study does not deal with 
a virgin population as far as examinations for tuberculosis are concerned. It 
represents, rather, a much examined population in the main from which cases 
of tuberculosis in the older age groups, as compared with the younger age groups, 
had been culled out by examination and death previous to 1937. 

Table 1 indicates that the greatest response was obtained for the age groups 
0 to nine years and ten to nineteen years, respectively. For the group of contacts 
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here being considered, the age groups of greatest response coincide with the age 
groups exhibiting the highest case rates. 

The results obtained in examining the group of contacts included in this study 
may be summarized as follows: The relative amount of active tuberculosis 
discovered increased with the risk of infection as measured by the type of ex- 
posure as would be expected. However, contrary to some reports, the younger 
age groups exhibited the highest tuberculosis case rates rather than the older age 
groups. 


SUMMARY 


Based upon the results of examining 2,538 contacts who responded out of a 
total of 4,974 contacts, and who were followed over an average period of three 
years, it was found that the relative amount of active tuberculosis discovered 
increased with the risk of infection, as measured by the type of exposure, as would 
be expected. Type of exposure was measured by the extent of the pulmonary 
lesions of the active case and the number of such cases to which the contacts 
were exposed. The finding seemed to be independent of any differences in the 
age, sex and color characteristics of the various exposure groups of the contacts. 
Contrary to some reports, the younger age group ten to nineteen exhibited the 
highest tuberculosis case rate rather than the older age groups. 


SUMARIO 


Tomando el resultado del examen de 2,538 contactos que se presentaron (de 
un total de 4,974) y que fueron observados durante un promedio de tres afios, 
se descubrié que la proporcién relativa de tuberculosis activa acrecentaba con el 
riesgo de la infeccién, medida por el tipo de exposicién, segiin era de esperar. 
El tipo de exposicién fué medido por la extensidén de las lesiones pulmonares de 
los casos activos y el niimero de estos casos a que estaban expuestos los contactos. 
Este hallazgo parecié ser independiente de las diferencias en las caracteristicas 
de edad, sexo y color de los varios grupos de los contactos expuestos. En 
contraposicién, el coeficiente md4ximo de infecciédn tuberculosa fué manifestado 
por algunos enfermos del grupo més joven, de diez a diecinueve ajfios, m4s bien 
que por los grupos mas viejos. 
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SEXUAL DESIRE IN TUBERCULOUS WOMEN! 
MARGARET HAGGAN? 


The admission of a patient to a sanatorium where, at least on the infirmary 
floors, there is rather complete segregation of the sexes, forces her to adjust from 
a heterosexual to an essentially homosexual existence. This adjustment, par- 
ticularly in those who have been receiving relatively regular sexual stimulation, 
is regarded by many authorities as an important consideration in obtaining the 
mental and physical rest necessary for the successful treatment of tuberculosis. 
Eyre (3) states that the disease “shifts the relationship between husband and 
wife, and lover and beloved . . . so that emotional strains are practically unavoid- 
able.” He cites the case of a young man who, separated from his wife in a 
sanatorium, became so overemotional that he could not speak without tears and 
in whom anorexia and insomnia developed. When the couple were permitted to 
move into a cottage near the sanatorium where they could cure together, both 
patients made steady progress. 

In addition to this factor, it has been the clinical impression of many members 
of the medical profession that sexual desire itself is increased in tuberculosis. 
Fishberg (4) states that ‘‘during the incipient stage of the disease there is often 
noted an increase in sexual irritability (while) in advanced stages. . . sexual 
potency may be retained.”’ Peters (5) cites cases in which fatal haemorrhages 
came on while the patient was engaged in coitus. Amberson (1) states that 
“during the early and middle stages of the disease the libido is not appreciably 
reduced,”’ while Bragman (2) believes that this characteristic is overdrawn. 
Strecker, Braceland and Burgess (9), in a study of 75 patients, found only 4 
who believed their desire to be increased. Of these, one was an eighteen year 
old male who had “run wild”’ before his admission to the sanatorium; one was 
a moron who had consorted with prostitutes for years and who spent his time in 
the hospital reading pornographic magazines; and a third attributed his desire 
to loneliness and a wish for companionship. These workers concluded that in 
most cases the desire decreased or remained the same as before the onset of the 
disease and that, in patients claiming an increase, some other cause could usually 
be demonstrated. 

The supposed increase in libido has been attributed to many factors. Ross (7) 
believes that the depressive toxic influence of the disease may encourage the 
changes noted, and Pottenger (6) states that as the toxaemia increases there is 
often a complete change in the personality with a generalized increase in irrita- 
bility and a decrease in self-control. The lack of occupation to absorb the mind 
as a concomitant of the prolonged rest cure, the excessive consumption of nitroge- 


1From the service of Dr. William G. Childress, Division of Tuberculosis, Grasslands 
Hospital, Valhalla, New York. 

2 University of Kansas Hospitals, Department of Obstetrics and Gynecology, Kansas 
City, Kansas. 
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nous foods, the lack of muscular exercise and the conscious desire to make the 
most of a life which threatens to be short have also been mentioned as important 
(2,4,7,9). Sawyer (8) points out that in any illness the patient’s field of activity 
and interest is limited and that emotional imbalance is the rule; Ross (7) adds 
that the special effect of past sexual experience must not be forgotten. 

Our present observations were designed to determine the importance of separa- 
tion from the sexual partner, the group, if any, most affected, and the presence 
or absence of increased libido in a group of married women of a sexually active 
age in the Grasslands Adult Tuberculosis Division. The study covered 50 
sanatorium admissions involving 40 patients. It was felt that due to the wide 
variation in replies in the same patient concerning different admissions, this 
overlapping of cases did not produce an appreciable error. The age of the sub- 
jects ranged from seventeen to forty-nine with a mean of twenty-nine years. 
The duration of hospitalization varied from two months to six years with a mean 
of eleven months. The study involved 47 white and 3 Negro patients, with 23 
Protestant, 24 Roman Catholic and 3 Greek Orthodox subjects. There was one 
case of pleurisy, one minimal lesion, 16 moderately advanced and 32 far advanced 
cases. As far as possible the patients were interviewed privately and, for those 
for whom this method was not feasible, a questionnaire was prepared. Excellent 
coéperation was obtained almost uniformly, and many of the patients stated 
that they had wondered about the problem and expressed interest in the results 
of the study. 

Of the 50 cases studied, 25 stated that they had recognized no sexual feelings. 
The 25 who had observed them were asked to classify them as to the time of 
their occurrence in one of three ways: (/) present only immediately after admis- 
sion to the hospital; (2) beginning after approximately two months (this time 
having been mentioned spontaneously by several patients as the period required 
for adjustment) ; (3) throughout the hospital stay. 

When the subjects were classified as to the degree of their disease, it was 
found that the one case of pleurisy observed sexual feelings after two months of 
hospitalization. The one patient with a minimal lesion felt no such desire. 
Of the 16 cases with moderately advanced disease, 2 observed desire only in the 
initial period of hospitalization, one after two months and 3 throughout their 
hospital stay. Of the 32 cases in the far advanced group, none observed sexual 
feelings only in the initial period, 6 recognized such desire after two months and 
12 throughout their hospitalization. 

When the group was classified according to age, very little variation was noted 
in the percentage of patients under forty who recognized sexual feelings. In the 
14 cases up to the age of twenty-five, one observed desire only in the initial 
period, 3 after two months and 5 throughout their hospitalization. Of the 15 
patients between twenty-six and thirty, one likewise noted such feelings only 
in the initial period, 3 after two months and 4 throughout their hospital stay. 
Between thirty-one and thirty-five there were 11 cases, of which 4 noted desire 
throughout their hospitalization. In the 6 patients between thirty-six and 
forty, 2 had sexual feelings after two months and one throughout her hospital 
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stay. Of the 4 patients past forty, only one recognized any desire, and this was 
throughout her hospitalization. 

When the group was classified in regard to the duration of marriage prior to 
hospitalization, the greatest percentage of patients with sexual desire was found 
in those married between three and five years. The smallest group was in the 
marriages of sixteen years or over, which tended to include the older patients. 
The subject’s attitude toward the success of her marriage, which is likewise 
some estimation of the degree to which the sexual partner was missed as a | 
companion, was not found to be correlated with the presence of sexual desire. . 
A definite correlation was found between the patient’s attitude toward coitus 
and the presence or absence of desire. Of the 22 cases who regarded it as a 
pleasure, a total of 16 observed sexual feelings. Of the 14 who considered it as 
a pleasant duty, 6 recognized these feelings. Of the 12 to whom it was an 
unpleasant duty, 2 had sexual desire, while of the 2 who regarded coitus with 
repulsion, one observed such feelings. 

The use of contraceptives did not appear to be an important factor in the 
presence or absence of sexual feelings. Of the 33 patients who had used some 
form of contraception, 2 reported desire in the initial period only, 4 after two 
months and 9 throughout their hospitalization. Of the 17 cases who had not 
employed contraceptives, 4 patients reported desire after two months and 6 
throughout their hospital stay. 

When the patients were classified as to the number of previous pregnancies, 
of the 14 cases without pregnancies, one subject observed sexual feelings only 
in the initial period, 2 after two months and 6 throughout the hospital stay. 
Of the 18 patients who had had one pregnancy, one reported desire only in the 
initial period, 2 after two months and 5 throughout hospitalization. Of the 
4 patients with two pregnancies, 2 observed sexual feelings after two months 
and one throughout her hospital stay. Of 14 subjects with three or more preg- 
nancies, 2 reported desire after two months and 3 throughout the hospital stay. 

In the patients in whom sexual feelings were recognized, 19 found that they 
arose spontaneously ; in 5, visits from the husband were listed as a cause and in 3, 
reading material served as the stimulus. In 21 instances the desire was sup- 
pressed by consciously turning the thoughts in another direction, in 6 by reading, 
4 by listening to the radio, one by the husband visiting and in one case sedation 
was required. The question of relief by masturbation was evaded on direct. 
interview and was not answered on some of the questionnaires, so that reliable 
statistics are not available on this subject. It apparently had been practiced 
by at least 6 cases. Eleven patients found that their desire bore some relation 
to their menstrual periods, just preceding it in 7, during in one, just after in one, 
and half-way between in 2 cases. The other 14 found no relation between the 
appearance of sexual feelings and catamenia. 

There were 6 cases in which there was a transfer of affection from the sexual 
partner to someone connected with the sanatorium. In 3, this was directed 
toward another patient. One of these was in a moderately successful marriage 
and 2 in unsuccessful ones. Two were directed toward male patients and the 
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third was not specified. Three cases found a transfer of affection to a staff 
doctor. One of these was in a moderately successful marriage and 2 were in 
unsuccessful ones. Two of the patients, one from a very successful and one from a 
moderately successful marriage, stated that they would probably transfer their 
affections if there were an eligible recipient in the hospital. 

In considering a change in libido, it was found that the one case of pleurisy 
believed that there had been no change after the onset of the disease. The one 
patient with a minimal lesion considered it to be decreased. Of the 16 subjects 
with moderately advanced disease, 2 considered their libido to be decreased, 
2 increased and 12 unchanged. Of the 32 far advanced cases, 8 believed it to 
be decreased, one increased and 23 unchanged. 

While definite conclusions may not be drawn in such a small number of cases, 
this study appears to indicate that, in the group of married tuberculous women 
interviewed, recognized sexual desire is not as important a factor in adjustment 
to sanatorium life as is believed by many previous workers, that its occurrence 
is correlated with the degree of pleasure in coitus, and that increase in libido is 
not as common as is generally believed. 


SUMMARY 


1. The present study covered 50 sanatorium admissions of female patients 
to the Grasslands Adult Tuberculosis Division, who were married and of a 
sexually active age. 

2. Twenty-five of these recognized sexual desire at some time during their 


hospitalization. 

3. Desire was not correlated with the degree of disease. 

4. It occurred approximately equally in all age groups up to forty and was 
most frequent in patients married three to five years. 

5. It was correlated with the attitude toward coitus, but not with the success 
of the subject’s marriage or the use of contraceptives. The degree of parity 
made no significant difference. 

6. In most cases sexual feelings arose spontaneously and were suppressed by 
directing the thoughts into another channel. Sedation was required in one case. 

7. Affection transfer was not common and was directed toward a member of 
the opposite sex. 

8. Libido was increased in 3 cases, decreased in 11 and unchanged in 36. 


SUMARIO 


1. Este estudio comprendié 50 mujeres recibidas en la Divisién de Tubercu- 
losos Adultos de Grasslands, que estaban casadas y se encontraban todavia en 
la edad de actividad sexual. 

2. Veinticinco de ellas reconocieron la existencia de deseo sexual en alguna 
ocasién durante su hospitalizacién. 

3. Dicho deseo no se correlacioné con la gravedad de la dolencia. 

4. Se presenté aproximadamente por igual a todas las edades hasta cuarenta 
afios, siendo mds frecuente en las que habian estado casadas de tres a cinco afios. 
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5. Se correlacioné con la actitud hacia el coito, pero no con el éxito del matri- 
monio o el empleo de contraceptivos, sin que la paridad alta o baja creara 
diferencias significativas. 

6. En la mayor parte de los casos la sensacién sexual surgié espontaneamente 
y se suprimiéd encaminando los pensamientos por otras vias, necesit4ndose 
sedantes en un caso. 

7. El cambio de afeccién de una persona a otra no fué frecuente y se encaminé 
hacia miembros del sexo opuesto. 

8. El libido aumenté en 3 casos, disminuyé en 11 y no varié en 36. 
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RHEUMATIC DISEASES AND TUBERCULOSIS 


ERNST LOEWENSTEIN! 


Clinicians for whom we all have a deep respect discussed this complex question 
long before the discovery of the tubercle bacillus. 

Griesinger (Ziirich) in 1860 had already emphasized the frequency of rheuma- 
tism in cases of Addison’s disease. Charcot (1853) considered tuberculosis as 
the cause of death in rheumatism. Kussmaul described cases of genuine rheuma- 
tism, which autopsy revealed as miliary tuberculosis. Laveran, the discoverer 
of the malaria plasmodium, described cases of rheumatic fever as miliary tubercu- 
losis of the synovia. No doubt the prognosis was far more serious at that time 
before Kolbe introduced the salicylates for therapy (1876). 

Rheumatic endocarditis was far more frequent then than to-day. Corvisart, 
the physician of Napoleon, the discoverer of the syphilitic aetiology of aortic 
aneurysm (1803), and Laennec (1826) suggested the tuberculous nature of 
rheumatic fever. Men like Weigert, Recklinghausen, Kundradt, Heller de- 
scribed cases of tuberculosis of the endocardium and their significance. Osler 
found recent tuberculous endocarditis at autopsy in 5.5 per cent of 216 cases of 
pulmonary tuberculosis, Kledd in 5 per cent of 500 tuberculous cases. Potain 
found tubercles in the mitral valve just as the pathologists of our time (Cornil, 
Perroud, Rindfleisch, Harbiz (Oslo), Etienne, Loudre and Petit). Baker col- 
lected these reports. 

After Grocco (1892), it was Poncet with his assistants, Leriche and Courmont, 
who compelled the medical world to believe that certain forms of rheumatism 
are due to tuberculosis. Poncet already recognized that every infection can 
produce arthritis, but by far the most frequent cause is a latent tuberculous in- 
fection. Pathologically but not clinically there are two different forms: 


1: Laveran’s miliary tuberculosis of the synovia. 
2: Tuberculose inflammatoire, a tuberculosis without tubercles, characterized by a banal, 
nonspecific reaction of the tissue with only serous, serofibrinous or fibrous changes. 


Gougerot called this form non-folliculaire. Poncet clinically distinguished 
Rheumatism articulaire from rheumatism abarticulaire. The latter form may 
produce symptoms in every organ, but it is only possible to make the diagnosis 
by bacteriological methods. This short extract proves that Poncet was far 
ahead of his time, because his idea already unconsciously involved the réle of 
allergy. 


THE ROLE OF STREPTOCOCCI 


Streptococci are still considered as the cause of the disease in spite of two 
important facts: 
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1; Streptococci are never found in loco morbi in the fluid of the joints and very rarely in 
the blood-stream; they are very often found on the surface of the tonsils in rheumatic 
cases, in angina lacunaris and in chronic tonsillitis. 

2: Streptococci never produce a purely serous exudate without cells; 99 per cent of all 
serous exudation is caused by tuberculosis, as in pleurisy with effusion, in peritonitis with 
ascites, in polyserositis. 


In the older books, up to 1910, one still finds the expression pleuritis rheumatica; 
to-day we are absolutely sure of its aetiology. Among 200 cases of acute rheu- 
matic fever, 117 cases were positive for tubercle bacilli, 7 were positive for strep- 
tococci (Loewenstein). All these 7 strains were anaerobic. I would advise 
always to cultivate streptococci from the blood anaerobically, because they grow 
anaerobically in the blood, the oxygen being absorbed by the haemoglobin. I 
observed, as consultant, 3 cases of endocarditis lenta because the family doctor 
could not exclude tuberculosis with infectious cases in the family. 

Coronini and Popper cultivated 50 cases of endocarditis lenta and found in 22 
cases tubercle bacilli and cocci together but not only streptococci, but also 
staphylo- and diplococci. Therefore they considered a postmortem immigration 
possible, tubercle bacilli cannot immigrate, they grow too slowly, but cocci 
grow tremendously in a few hours. They also found in 4 cases of viridans endo- 
carditis, four times tubercle bacilli and three times viridans. 

Further research is absolutely necessary: 20 cc. blood must be taken in 5 cc. of 
3 per cent sodium citrate solution from the living patient, not the body. Ten cc. 
for anaerobic culture of streptococci and 10 cc. for tubercle bacilli. 

All these cases of endocarditis lenta can only be diagnosed by cultivation from 
the blood. The animal experiments must be made with the haemoglobin-free 
sediment, not with the citrated blood itself; the observation must be extended for 
a year. 

I believe the streptococci are superimposed on the valves which are first in- 
vaded by way of the central arteries of the valves and have lost their smooth 
surface (Adami); for instance in the case of a streptococcus tonsillitis, the circu- 
lating streptococci are easily established on the valves. It is also possible that 
the permeability of the walls of the blood vessels suffer by the secondary infection. 

Swift made rats allergic to streptococci, but he found the latter only effective 
in the allergic phase and he finally came a step nearer to the truth, because he 
recognized the réle of allergy in the mechanism of the disease. 

Gibson was the expert for the pathology of rheumatic fever at the International 
Congress for Rheumatism, 1938, at Oxford. He summarized the results of his 
investigations as follows: 


“The morbid anatomical appearances especially in the heart approximate those of tuber- 
culosis rather than streptococcic infection.”” He further mentioned “that one finds some- 
times streptococci on the surface of the valves, but never in the connective tissue or in 
the capillaries.” 


He emphasized the general character of the infection, involving all other organs 
and producing areas of scars and sclerosis. 


> 
* 
3 
cls 
Pact 
A 


60 ERNST LOEWENSTEIN 


Pathologists such as Aschoff, Schottmiiller, Recklinghausen, Graeff, Lieber- 
meister, always emphasized that the streptococcus is not the cause of rheumatic 
fever. 

How do the tubercle bacilli happen to be in the blood-stream? 

The sources for the invasion are tubercles in the intima, as proved by Weigert, 
Recklinghausen, Chiari, Ribbert, Liebermeister and especially Benda, who 
described the “essential tuberculosis of the blood vessels” as a pathological 
process which must produce clinical symptoms. Liebermeister devoted a series 
of his investigations to the question. He studied the process by which the walls 
of the blood vessels are changed by the influence of the tubercle bacilli. He 
emphasized the frequency of tuberculosis of the intima which may often occur 
without any symptoms. Aschoff acknowledged at the Congress fiir innere 
Medizin, 1921, that a tuberculous infection not only may produce the well known 
histological structure, but all forms of inflammations. A striking instance is the 
chicken tuberculosis or the mouse tuberculosis, in which we find the blood vessels 
full of tubercle bacilli; sections stained by Ziehl-Neelsen remain red and show no 
tubercles. The most impressive picture I found in Robert Koch’s first paper on 
tuberculosis: one sees a blood vessel, surrounded by a wreath of tubercle bacilli 
and quite a few bacilli penetrating the wall. It was this picture that gave me 
the idea of tubercle bacillaemia. 

It is the presence of tubercle bacilli in loco morbi that proves the nature oi the 
disease and not the reaction of the tissue; the latter is only indicative. The 
reaction of the tissue depends on several factors, such as the phase of allergy and 
age of the infection, virulence, immunity, portal of entry of the bacillus and other 
still unknown factors. Summing up the conclusions of the pathologists, men- 
tioned above, ‘‘the tubercle is only a faculative phase in the life cycle of the tuberculous 
focus.”” (Loewenstein, 1933.) The presence of the tubercle bacilli in loco morbi 
is a direct proof, the reaction of the tissue an indirect evidence. 


ALLERGY 


Robert Koch is the real discoverer of allergy. He said, as long ago as Novem- 
ber 13, 1890, when he made his first speech on tuberculin: “A tuberculous guinea 
pig reacts absolutely differently to tubercle bacilli from a nontuberculous one.” 
Jaffe and Loewenstein summarized the results of their histological investigations 
as follows: The first infection produces the characteristic specific structure, the 
second a nonspecific structure,.without tubercles; the first produces a chronic, 
the second an acute serofibrinous inflammation. 

How do the pathological-histological appearances of rheumatic diseases corre- 
spond with these findings? 

Aschoff’s nodules are appraised as the cardinal point, and there’ is no doubt 
about their importance; but Klinge proved that they are frequently found in all 
allergic diseases. Masugi proved with his assistants that they are also frequent 
in the heart of tuberculous cases, in which there was no rheumatism at all. 
Roessle also, like Klinge, studied the morphological equivalents of allergy in the 
rich material of the Charité Hospital in Berlin and came to the conclusion that 
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tuberculosis and rheumatism are the two representatives of allergic diseases, and 
that Aschoff’s nodules are the anatomical substratum of allergy. 

Altmann and Gerzner tried to reproduce the natural conditions under which 
acute rheumatism starts. They tried to ascertain whether a reinfection with 
tubercle bacilli would produce rheumatism in rabbits. They sensitized by intra- 
venous injection of slightly virulent strains of tubercle bacilli and reinjected them 
after four to six weeks into the peritonsillar region. In 2 out of 5 cases they ob- 
served arthritis with serofibrinous exudate; histologically there were no tubercles 
but foci similar to Aschoff bodies; a third rabbit showed histologically a marked 
serous exudate in the joints with swelling of the interstitial tissue in the walls of 
the blood vessels. In a second series of 9 rabbits there were no joint affections, 
only foci in the myocardium. 

Arloing, Dor and Courmont reinjected intravenously tubercle bacilli into 
rabbits and discovered three forms of joint infection: (1) fungous, (2) synovitis 
with “rice bodies” and (3) purely serous arthritis. The results, of course, depend 
on the quantity and virulence of the tubercle bacilli. These experiments should 
be repeated on a larger scale; at least they prove that tubercle bacilli alone are 
apt to produce rheumatic affections in animals. 


ALLERGY IN RHEUMATIC CASES 


If tuberculosis really plays a réle in rheumatic fever, specific allergy should 
be easily demonstrable corresponding to the course of the disease. Reitter, 
Berger and Neumann, independently of each other, studied the reactivity against 


tuberculin and found in many cases of a first attack of rheumatism with bacil- 
laemia that there was a more or less pronounced anergy. But after three weeks 
allergy appeared and increased; finally there was a hyperergy against millionths 
of a.gram of Old Tuberculin. Tuberculin injections often produced severe reac- 
tions and in a series of cases true relapse. Berger then made the test with 1:100 
millionth of a gram in order to avoid the risk of a relapse. 

There are few diseases in which the negative phase—neutralization of anti- 
bodies by the circulating antigenic bacilli—is so drastically illustrated. 

Just as every focus of tuberculosis (for example lupus) shows a severe reaction 
after tuberculin injection, the same happens with a rheumatic joint. Even very 
small doses, millionth of a gram, are sufficient to provoke all the cardinal symp- 
toms of acute inflammation in the joint in a few hours. We know that large 
doses of protein give the same effect, but the quantitative difference is so enor- 
mous that the specificity of the tuberculin reaction cannot be doubted. 


IMMUNOLOGICAL REACTIONS 


Rokitansky, the famous pathologist of Vienna, believed that convalescent cases 
with rheumatic heart failure never get pulmonary tuberculosis; he believed the 
richer blood content of the lungs is the cause of this immunity; but now, in the 
face of the bacillaemia, there is another explanation. It seems like a real im- 
munity for a certain time, produced by the circulating bacilli, but this immunity 
is a very short one, because we know that relapses are rather frequent. The 
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heart is affected not in the first attack but in the second or third. This is another 
proof for the allergy as a deciding factor. 

The relapse, however, may occur in another system—frequently the eye, as 
iritis, iridocyclitis, chorioditis, or in the pleura as pleurisy with effusion or in the 
central nervous system (chorea). There is no real healing. On the contrary, 
every form of trauma (another infection, menstruation, pregnancy and delivery, 
a cold bath or a cold, an injection) may mobilize the sleeping focus, just as in 
malaria, where an attack can be produced by a shower, a cold, small doses of 
quinine. Therefore I do not believe in a real immunity or a definite cure; it 
depends on chance whether enough tuberculosis antigens are available to the 
immunity-providing organs, such as the bone marrow or the thyroid gland. 
The pathologists Hedinger in Bern and Nather in Vienna have found many 
fibrous tubercles in colloid thyroid strumata of patients who never had any 
symptoms of tuberculosis, neither before nor after the operation. 

The complement fixation surely has a diagnostic value, as Pinner, Wadsworth 
and others have demonstrated. Manteufel and Kottmann expected to show a 
difference between rheumatic diseases and tuberculosis, as they mention in their 
introduction, but they were very much surprised to find in 86 per cent of their 
rheumatic cases without pulmonary symptoms a strongly positive reaction. 
Kutschera had the same idea but he found with Brandt 89 per cent of his rheu- 
matic cases positive in spite of the absence of symptoms of active tuberculosis. 


BACTERIOLOGY 


The Medical School of Lyon under the influence of Poncet always tried to 
prove by animal experiments the existence of a bacillaemia in pulmonary tubercu- 
losis, but the results varied from 2 to 12 per cent in advanced cases. 

I reported my own experiments Uber Tuberkulose Septicaemie (1905) where the 
French papers also are discussed. I made cultures and animal experiments, but 
the results did not satisfy my expectations. I really got not more than 3 per cent 
positive cultures directly from the blood in pulmonary tuberculosis. Koch told 
me, ‘First you should find a reliable method to cultivate tubercle bacilli directly 
without animal passage out of all kinds of infectious material.”’ But it took me 
thirteen years to find the acid method, just as Koch told me, “‘it will take a lot 
of patience.” 

Dorset sent me his egg medium which was a definite progress, but it dried out 
too fast. I modified it until I ebtained better results. But the credit goes to 
Dorset. I tested the resistance of tubercle bacilli in sputum against mineral 
acids, lysol, lyes, potassium hydroxide, and was surprised to find tubercle bacilli 
alive after one hour treatment with 35 per cent sulfuric or hydrochloric acid or 
30 per cent sodium hydroxide. The sputum works as an excellent protective 
colloid. Now it was easy to work out a method for isolation of the tubercle 
bacillus from sputum, urine, faeces, stomach content. In my earlier experiments, 
yeast, moulds, cocci, spore bearers grew so rapidly that the tubercle bacillus 
could not propagate, but all these other germs were killed in 15 to 20 per cent 
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solutions of these acids. But still I did not get good results with blood until I 
used the following method: 


Five to 10 cc. of blood is taken up in a sterile tube containing 3 cc. sterile 3 per cent 
sodium citrate solution; then this blood is haemolized by sterile distilled water in a 50 cc. 
sterile tube, and centrifuged. The sediment still contains haemoglobin and must there- 
fore be washed two to three times until the haemoglobin has completely disappeared. 
After decanting, one treats the sediment with equal parts 15 per cent sulfuric or hydro- 
chlorie acid for fifteen minutes and adds 30 cc. of saline solution in fractions, always 
shaking, and centrifuges again to get rid of the acid excess. Then one washes two or three 
times, till the wash water is nearly neutral. One leaves about 1 cc. in the same tube, 
shakes violently and takes up the sediment with a pipette, scratching the bottom of the 
tube and plants the sediment upon the medium, and seals carefully with the usual sealing 
wax. No hole for air should be left, because the tubes have to stand for months in the 
incubator and easily dry out. I used 5 tubes for each case, later only 3 as arule. The 
colonies become visible after fourteen to sixty days or longer. 

The formula of the medium is as follows: 


Sterile stock solution 
A. 1 g. potassium phosphate, 2 basic 
1 g. sodium citrate 
1 g. magnesium sulfate 
3 g. asparagin 

1000 cc. distilled water 


B. To 500 cc. of this solution one adds 
84 cc. twice distilled glycerin 

15 cc. 50 per cent freshly prepared potato sugar solution 
20 cc. 2 per cent water solution of malachite green 


Now one adds yolk and white of 960 to 1000 g. of fresh (no lime) eggs and 550 g. of pure yolk. 
(The eggs should be cleaned with sodium hydroxide and green soap and washed again with 
sterile water. Opening has to be done with sterile pincers. Shake till homogenization is 
accomplished, sometimes half an hour is necessary. Filter through sterile gauze.) 


Now pour 5 ce. into sterile tubes and sterilize in slanting position for a short time until 
coagulated at 100° C., not longer than necessary for coagulation. Repeat at 75° C. for 
ninety minutes; next day again at 75° C. for ninety minutes, cooling at room temperature. 
This should always be done in a moist atmosphere. 


Malachite green is added for three reasons: (1) as an indicator; it turns blue if the pH 
of the sediment is too low (it should not be under 6.5); (2) it is partially bacteriostatic; 
(3) small colonies aretbetter seen. I also used congo red, which turns blue at about pH 4. 


CULTURES FROM THE BLOOD OF CADAVERS 


The first demonstration of cultures from the blood of cases of pulmonary tu- 
berculosis met with strong opposition. Sternberg said, “the pathology of tuber- 
culosis is a definitely settled question,’ but Maresch, Director of the Pathological 
Institute of the University of Vienna, and Coronini organized a special laboratory 
to check my results by culturing the heart-blood of cases dead of tuberculosis. 
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Popper, Bodart and Schindler published the first of a series of papers; these 
authors obtained the following results by culturing the heart-blood: 


16 cases of generalized tuberculosis 14 positive 
20 cases of lethal pulmonary tuberculosis 18 positive 


These results encouraged Coronini and Popper to extend their investigations to 
cases of acute rheumatic fever and endocarditis in order to control my findings 
in the blood of rheumatic patients. 

Coronini and Popper have reported the following results up to 1935, arranged 
according to the severity of the changes: 


1: Pancarditis, fresh endocarditis, myocarditis, often with nephritis and enlarged spleen, 
fresh Aschoff’s nodules: 17 cases—positive, 10 = 58 per cent. 

2: Chronic recrudescent verrucous endocarditis with terminal, superimposed, ulcerative 
endocarditis, fresh and old Aschoff nodules: 15 cases—positive, 7 = 47 per cent. 

8: Chronic heart failure with terminal relapse with Aschoff nodules: 45 cases—positive, 


14 = 31 per cent. 
4: Rheumatic heart failure without evidence of active lesions and few Aschoff nodules: 


57 cases—positive, 7 = 12 per cent. 
5: Endocarditis lenta ulcerosa, few Aschoff nodules: 27 cases—positive, 4 = 15 per cent. 


Coronini and Popper and their coworkers investigated histologically the 
organs of these 134 cases and made cultures from the heart muscle, tonsils and 
spleen, with the following results: 


19 cases 7 positive 
42 cases 16 positive 
26 cases 3 positive 


The positive findings occurred far more often as long as the Aschoff nodules were 
recent; when they were fibrous the positive results were rarer. These results of 
culturing the tubercle bacillus from heart-blood and organs of cases controlled 
at autopsy should eradicate any doubt as to the presence of tubercle bacilli in the 
blood of rheumatic fever cases. 

Coronini published in 1940 an interesting paper, Hin Dezennium Ziichtung 
Kochscher Bazillen, Report of the Tuberculosis Laboratories of the Pathological 
Institute of the University. Total number of tubercle cultures from 1929 to 
1939 = 40,896, of which 18,669 were blood cultures; 17,705 cultures were made 
from patients of the hospitals of Vienna and Graz, including the control cases 


and the diagnostic cases. 


BLOOD CULTURES FROM LIVING PATIENTS 


The results in the years 1922 to 1927 were not satisfactory because I had not 
yet devised the right technique. In spite of that I obtained a few decisive results. 
Every blood sample was divided for culture and animal experiment. I obtained 
the blood samples from the Eye Clinic of Prof. J. Meller, from Prof. V. Blum 
(urology) and from Prof. Kren (dermatology). A case of iridocyclitis was twice 
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positive at five-month intervals, with both methods in 1924; the same case was 
demonstrated by Reitter in the Vienna Medical Society in 1930 because tubercle 
bacilli alone were found in the fluid of the knee joints by animal experiment and 
direct staining. From this time on Reitter and I coéperated in this work until 
1938. Our program finally was clear-cut: 


1; Only rheumatic cases sensu strictiort should be investigated. No samples for diagnosis 


should be sent. 
2: Citrated sterile blood samples should be sent as often and as long as possible during 


and also after the hospital stay before treatment on three successive days. 


The procedure was simple: Immediately after inoculation of the tubes a smear 
of the sediment scratched from the bottom of the tube was stained. I always 
recommended to take the blood from the veins coming from the affected joints; in a 
series of cases one part of the sediment was used for animal experiment. The 
culture from the fluid of the joint was of course much easier; it was diluted with 
sterile distilled water, centrifuged at 3000 revolutions, then a smear was made, 
15 per cent sulfuric acid equal parts with the sediment added for 15 minutes and 
freed from the last trace of sulfuric acid by washing with saline. In 101 tests of 
joint fluid, 78 cultures were positive. 

The Ziehl-Neelsen staining, of course, was not as good as the culture, but very 
frequently, in about 28 per cent of cultures, positive cases were also positive by 
smears. The most interesting finding was thrombi consisting of tubercle bacilli 
still showing the configuration of the blood vessels, coming from the affected joint. 
Microphotographs of this have been published in my book. Prof. Busson con- 
firmed these findings; he found the bacilli in 42 per cent of his rheumatic fever 
cases by staining and animal experiment. Jubes (Madrid) has compared the 
staining method with culture in 1,280 cases. In 34 cases both methods, in 153 
cases the culture alone, and in 19 cases the staining alone were positive. I used 
for animal experiment only the cases which were positive by stained sediment. 
I compared the animal experiments with the culture method and found in 41 
different cases with positive Neelsen sediment that in 13 cases both methods were 
positive, in 26 cases only the culture was positive and in 2 cases only the animal 
experiment was positive. Graziosi (Bologna) had excellent results with culture 
and animal experiment. Of 24 cases of rheumatic fever, 12, or 50 per cent, were 
positive. He observed the guinea pigs up to six months after inoculation with 
the blood sediment. 

With Reitter I have examined 412 acute and subacute rheumatic cases with 
69 per cent positive, quite a few examined only once, many four times, and sev- 
eral up to twelve times. One case was examined twenty-six times during the 
eight years of collaboration. It is interesting perhaps to present a few of such 
cases which I investigated without knowing the diagnosis. 


1: Acute fever 3 times positive 2: Acute period 3 times positive 

period Interval 7 times negative 
Interval 5 times negative Relapse twice positive 
Relapse twice positive Convalescent once negative 
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4: Convalescence twice negative 
8: Interval twice negative Severe relapse twice positive 
Relapse twice positive Convalescence, once positive 
Interval twice positive sunbath 
Sun-bath once positive Relapse after twice positive 
two years 
Convalescence once positive 


6: Polyarthritis, endocarditis autoptically confirmed: period of high fever, twice positive 
Period of decompensation without fever, twice negative (Berger) 


These findings agree with Coronini and Popper’s results on 40 cultures in 
florid endocarditis, fresh foci and Aschoff nodules. 

The credit for a new way to find the truth must go to Prof. W. Berger, Director 
of the University Clinic in Graz, and M. Berger, both enthusiastic researchers. 
They not only cultured, but sent the same blood to two other laboratories who 
used my technique without modification, but had no idea of being checked by 
two other laboratories. The results were as follows: 


Rheumatic fever: In all laboratories 2 cases—twice ‘positive 
In 2 laboratories 19 cases—twice positive 
In 1 laboratory 74 cases—once positive 
Other cases for controls: 
1,029 cases—negative three times 
749 cases—negative twice 


Attention must be given not only to the positive but also to the negative cases, 
especially the control cases among which there is not a single positive case. 

Prof. W. Berger was entrusted with the main review for the Congress of 
Internal Medicine, 1937, Arthritis and Tuberculosis. This book covers the whole 
complex of the question. 

This book is a mine of interesting facts. It associates the clinical symptoms, 
inclusive of X-ray findings, with the bacteriological findings. Berger, Riml and 
Hausbramt described a case of Hanot’s cirrhosis of the liver. The blood culture 
was positive five times. Berger also found a chronic polyarthritis positive five 
times in two years. It is the work of a sincere devotion to a very interesting 
problem. 

Prof. Wilhelm Neumann, who always accentuated the frequency of pleurisy 
with effusions in rheumatic fever. followed the way of W. Berger to send blood 
samples of the same case to three laboratories, withoutinforming them of their 
codperation in order to exclude a mistake. Mayrhofer published the result of 
36 polyarthritis cases controlled in this round-table way. In 6 cases all three 
laboratories reported macroscopical cultures. The pediatric clinic sent blood 
samples of 14 rheumatic cases of which 8 gave macroscopical cultures. Cope- 
man (London) sent a number of blood samples also without diagnosis and name, 
only labelled with numbers; the results were published by Copeman himself: 
of 30 cases 12 were positive; not a single control case was positive. 

Coronini’s statistical report covers 17,705 blood cultures from living patients. 
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Encouraged by the excellent results in isolation from the cadavers, the blood 
cultures from the living were started. Here one meets difficulties, because co- 
agulation interferes, because the bacilli included in the fibrin no longer grow. 
Second, the laboratory is obliged to investigate every blood sample and the many 
clinics in Vienna General Hospitals made extensive use of this obligation in 
many cases for diagnosis. This must explain that only 1,697 cases of rheumatic 
diseases are included in the 17,705 blood cultures. Furthermore my requests 
for four different blood samples during hospitalization before the treatment were 
neglected. But in spite of this disadvantage, the general results were good: 


485 tuberculosis cultures were isolated altogether 
285 strains were tested in guinea pigs 
236 of these were identified in histological sections and subcultures 


This statistic includes all forms of tuberculosis and rheumatism; 1,697 rheumatic 
cases gave 160 macroscopical cultures, of which 71 were isolated from 652 acute 
and subacute cases, 89 cultures were isolated from different forms of rheumatism 
(endocarditis, polyarthritis chronica, angina rheumatica). In 26 cases so-called 
“atypical strains” were isolated, which are not included in the above mentioned 
statistics because they were not pathogenic for guinea pigs. 

But we know that strains of so-called “chicken tuberculosis” may be not 
pathogenic for guinea pigs, but very virulent for rabbits and human beings. 
(Loewenstein, E.: Das Krankheitsbild der Hiihnertuberkulose beim Menschen, 
Schweiz. med. Wehnschr., 1934, 64, 808). However avian bacilli grow faster on 
egg medium; therefore the culture method is better than the animal experiment. 

Coronini emphasized that patience, consistency and time are necessary to get 
good results and illustrated it by comparing the positive results of successive 
years. 


23.5 per cent positive cultures 


In rheumatic cases, in spite of the poor results in the first five years up to 1935, 
the average percentage of the ten years from 1929 to 1939 amounts to 9.4 of 
all 1,697 cases. The greater the experience in the intricacies of the tricky 
method, the better the results; no doubt better methods will be found some day, 
when we know more about the life cycle of the bacillus. 

The clinician must codperate and take the blood when general symptoms, 
pains, swellings of the joints, prevail. 

The above figures, based on the team work of pathologists and clinicians, 
represent a fundamental work whose results should be known in this country. 

Coronini’s last conclusion is: ‘“There is no doubt that tubercle bacilli can be 
cultivated from the blood from tuberculous patients, but especially from the ; 
blood of rheumatic cases.” ‘te 
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CHOREA 


An excellent object for study is chorea, whose rheumatic nature is generally 
acknowledged. I examined the blood as well as the spinal fluid. Prof. Knoep- 
felmacher’s material consisted of: 


13 blood samples—5 positive 
8 spinal fluids—7 positive 


The pediatric clinic sent 8 spinal fluids and Prof. Reitter sent 3. All 11 cases 
were positive directly by staining the sediment of the apparently normal spinal 
fluid, and in culture. The spinal fluid of 2 cases was twice positive, in an interval 
of six months. Pathologists should make microsections of cases of endocarditic 
chorea and stain these with carbolfuchsin (brain, valves of the heart, tela chor- 
oidea). 


OTHER CLINICAL FACTS 


Stengel drew the attention to her findings of acid-fast bacilli in the urine of 
cases of rheumatic fever, sometimes appearing in masses. 

Glomerulo-nephritis in rheumatic fever is perhaps more frequent than we 
supposed, otherwise the passage would not be possible. Reitter and Coronini 
were surprised, just as W. Berger was, to find so many bacilli in the urine sedi- 
ment, especially at the third week. 

The lymph nodes near the affected joints are always swollen, as Poncet already 
described. Reitter and Schajowitz excised such a lymph node in a case of 
rheumatic fever and erythema nodosum without symptoms of tuberculosis. 
The pathologist. Prof. Erdheim, found the lymph node full of fresh tubercles 
with giant cells and tubercle bacilli. 

It is a well established fact that the sedimentation rate is very characteristic 
and similar to that in miliary tuberculosis. 


RHEUMATISM OF THE EYE 


Inquiry and experiences of clinicians have taught us that eye diseases are very 
frequent in cases of rheumatic fever. Therefore our manuals of ophthalmology 
mention to-day rheumatic iritis, iridocyclitis, choroiditis; but ophthalmologists 
like Hippel (Géttingen), Bernheim (Innsbruck) always suspected tuberculosis 
in the background. 

Prof. Meller, Director of the Eye Clinic of the University of Vienna, was 
deeply interested, because he always suspected, in cases of iritis, iridocyclitis, 
choroiditis, haemorrhages of the corpus vitreum, that tuberculosis plays an im- 
portant réle. 

We worked together from 1923 to 1937, and until the end of 1934 I cultured 
2,313 cases with 262 positive results; most of them were cases of iritis, irido- 
cyclitis and choroiditis. Meller’s special interest was devoted to sympathetic 
ophthalmia. I got not only the blood but also the eye, minus a cap which 
Meller reserved for histological examination. One case may be reported here. 


, 

a 


ly 


RHEUMATIC DISEASES AND TUBERCULOSIS 69 


Eye sent by Meller, January 23, 1935. February 23, I reported macroscopical pure 
culture and urged report of his histological result. After 3 series of microscopical sec- 
tions, which were negative, Meller suddenly met a focus with many bacilli. Meller was 
quite enthusiastic to have found “the missing link.”’ The bacillus in loco morbi and the 
histological proof were undeniable. 


Meller now has a series of cases in which tubercle bacilli were found in the 
tissue by culture and his histological methods. I received 45 eyes; up to 1938, 
25 of them were positive; 2 of them were cultured by Costil, Institut Pasteur, 
Paris. Meller’s histological results and my cultures from blood and from the 
tissue of the eye had removed all doubt, when Pillat reported choroiditic foci in 
61 per cent of cases of acute rheumatic fever in which I had found a bacillaemia. 

The foci were spread over the whole choroid but especially in the periphery. 
They resembled the picture in miliary tuberculosis but never showed caseation. 
Just as in rheumatism, caseation rarely occurs. These multiple infiltrates very 
slowly disappeared in part, others persisting, leaving scars and a chronic choroi- 
ditis. 

These findings in so-called rheumatic eye diseases throw a search light upon 
this interesting problem. 


THE ASPECTS OF THERAPY 


Therapy must still be based on salicylates. The sulfa drugs are of no advan- 
tage, a factor which speaks against the decisive rdle of streptococci. It is 
interesting that clinicians with such experience as Reitter, Neumann, Berger, 
became convinced that the best therapy is tuberculin in dilutions of 1:10 to 100 
millionths. Cases of rheumatic endocarditis, in which every other therapy was 
helpless for two years, recovered after ten injections. I believe that this tubercu- 
lin effect consists in a desensitization. I remember one patient of severe always 
recurring endocarditis, aortic insufficiency and severe iridocyclitis who took 
sleeping drugs for years because of pains in the eye and severe headaches. He 
lost all complaints twenty-four hours after a scarification of the skin with a strong 
bacillary emulsion: temperature went down, headaches and the ciliary injection 
of the eye disappeared. He never used any more sleeping drugs and had no 
relapse during my observation of over two years. It was a desensitization effect. 
I always used a strong bacillary emulsion, in cutaneous application with very 
good results in many cases. 

The effect of the tuberculin treatment in eye diseases, such as iritis, irido- 
cyclitis, choroiditis, haemorrhages in the corpus vitreum, is beyond doubt. 
Hippel, Bernheim, Schuler, Meller, A. Loewenstein have treated thousands of 
such cases, often as a last hope after all other methods had failed, and they are 
absolutely convinced of its value. They even believe it is malpractice not to 
use tuberculin. 

Rheumatism is not an affection of the joints alone. The joints are only the 
finest indicators of allergic reactions. As Klinge, Roessle, Gibson have proved, 
fresh foci or traces in the form of scars are spread in every system, for example, 
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in the skin as rheumatism nodosum; in the brain as chorea, neuritis retrobulbaris; 
in the eye as iritis, iridocyclitis, choroiditis, ophthalmia; in the kidneys as glo- 
merulo-nephritis; in the liver as different forms of cirrhosis. It is just a copy 
of the history of syphilis whose general character was denied until the serological 
and bacteriological proof made it evident against the thirty years’ opposition of 
German clinicians. We do not know whether a syphilitic infection will manifest 
itself later as an aortic aneurysm, progressive paralysis, gumma, of the bones, - 
cirrhosis of the liver or blindness or not at all. The rheumatic diseases charac- 
terized by remission and exacerbations were treated with salicylates which are 
the best internal treatment for the sympathetic ophthalmia up to recent times. 

It is always the same agent, the sterilisatio magna for tuberculosis must still be 
found. There is only a balance which can be easily disturbed by every trauma, 
be it infection or lowered resistance, by undernourishment, overwork or climatic 
factors. 


SUMMARY 


1. Rheumatism is not a disease of the joints alone, but of the whole mesen- 
chyme (Klinge, Roessle, Gibson). 

2. Tubercle bacilli have been found in the blood and fluid of the joints of cases 
suffering from acute rheumatic fever, endocarditis, chorea, by all three methods 
(Loewenstein, Reitter, Berger, Coronini, Graziosi, Popper, Domingo, Saenz, 
Costil and others). 

3. Tubercle bacilli have been found postmortem in the blood, heart, spleen, 
tonsils, in rheumatic polyarthritis, endocarditis and chorea. They were identi- 
fied by culture, animal experiment and staining, and, last but not least, by histo- 
logica! sections (Coronini, Popper). 

4. They easily may be demonstrated in the apparently normal spinal fluid of 
chorea (Loewenstein), occasionally by only staining the sediment, also sometimes 
in the urine (Stengel). 

5. The lymph nodes in the neighborhood of the affected joints show many 
fresh tubercles and bacilli in micro-sections (Reitter and Schajowitz, Erdheim). 

6. ‘The anatomical appearances, especially of the heart, rather approximate 
those of tuberculosis than those of streptococci’ (Gibson). 

7. Streptococci are rarely found in the blood, never in the tissue, or in the 
fluid of the joints, only simultaneously with tubercle bacilli; they cannot produce 
serous effusions. The sulfonamids have no value in therapy. 

8. The sedimentation rate is closely similar to that in miliary tuberculosis. 

9. Tubercle bacilli can be found not only in the blood of patients with rheuma- 
tic eye diseases but also in the tissues of the eye in cases of iritis, iridocyclitis, 
choroiditis, sympathetic ophthalmia (Meller). Foci similar to the foci in miliary 
tuberculosis can be found by ophthalmoscopy in 61 per cent of the cases of acute 
rheumatic fever (Pillat). 

10. Aschoff’s nodules are frequently found in the heart of the tuberculous 
cadavers without rheumatism in the clinical history (Masugi). 

11. Untreated cases of rheumatic fever have developed miliary tuberculosis 
(Charcot, Laveran, Kussmaul). 
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12. Antibodies against tubercle bacilli are present in over 80 per cent of 
rheumatic cases (Manteufel, Kutschera, Brandt). 

13. The curve of tuberculin sensitivity shows a characteristic change from 
anergy in the first few days to hyperergy in the convalescence (Berger, Reitter). 

14. The treatment with tuberculin in homeopathic doses is strongly recom- 
mended, starting with a dilution of 1:100 millionth of a milligram (Berger). 

15. The same anatomical appearances as those found in rheumatic fever can 
be produced by pure strains of tubercle bacilli after reinjection in the peritonsillar 
region of rabbits (Altmann and Gerzner). 

16. These facts suggest that the occurrence and the recurrence of rheumatic 
fever is dependent on an endogenous or exogenous reinfection; superimposed 
infections may mobilize sleeping foci of tubercle bacilli. The anatomical ap- 
pearance and the clinical symptoms may be explained as of allergic nature. 


SUMARIO 


1. El reumatismo no constituye una enfermedad puramente de las articula- 
ciones, sino de todo el mesénquima (Klinge, Roessle, Gibson). 

2. En la sangre y liquido sinovial de los enfermos de reumatismo agudo, en- 
docarditis, corea, se han descubierto bacilos tuberculosos con las tres técnicas: 
medios de cultivo, experimentos en animales y coloracién (Loewenstein, Reitter, 
Berger, Coronini, Graziosi, Popper, Domingo, Saenz, Costil y otros). 

3. Se han encontrado igualmente bacilos tuberculosos postmortem en la sangre, 
corazon, bazo, amigdalas, en la poliartritis reumdtica, endocarditis y corea, 
habiéndose identificado con las tres téenicas mencionadas arriba y, por fin, pero 
no menos, en cortes histolégicos (Coronini, Popper). 

4. También pueden encontrarse con facilidad en liquidos céfalorraquideos 
aparentemente normales en la corea (Loewenstein), y de cuando en cuando, con 
la mera coloracién del sedimento, y a veces en la orina (Stengel). 

5. Los ganglios linfAticos en la proximidad de las articulaciones afectadas 
revelan muchos tubérculos recientes y bacilos en los microcortes (Reitter y 
Schajowitz, Erdheim). 

6. “El aspecto anatémico, en particular del corazén, se parece mas al de la 
tuberculosis que al de las estreptococias” (Gibson). 

7. Raramente se encuentran estreptococos en la sangre, jamas en los tejidos 
ni en el liquido sinovial, y sdlo simulténeamente con los bacilos tuberculosos, 
sin que puedan producir derrames serosos. Los sulfamidados no poseen valor 
terapéutico alguno en estos casos. 

8. El indice de sedimentacién es bastante semejante al observado en la 
granulia. 

9. Pueden encontrarse bacilos tuberculosos no tan sdélo en la sangre de los 
enfermos con oftalmia reumatica, sino también en los tejidos oculares en los 
casos de iritis, iridociclitis, corioditis y oftalmfa simpdtica (Meller). En 61% 
de los casos de reumatismo agudo pueden descubrirse con la oftalmoscopia focos 
semejantes a los de la granulia (Pillat). 

10. Encuéntranse frecuentemente néddulos de Aschoff en el corazén de los 
cad4veres tuberculosos en cuya historia clinica no existe reumatismo (Masugi). 
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11. Casos de reumatismo no tratados han manifestado granulia (Charcot, 
Laveran, Kussmaul). 

12. En mas de 80% de los casos reumAticos existen anticuerpos contra los 
bacilos tuberculosos (Manteufel, Kutschera, Brandt). 

13. La curva de la sensibilidad a la tuberculina revela una alteracién carac- 
teristica: de anergia en los primeros dias a hiperergia en la convalencia. 

14. Recomiéndase intensamente el tratamiento con tuberculina a dosis ho- 
meopdticas comenzando con una dilucién de una cienmillonésima de miligramo 
(Berger). 

15. Puede producirse el mismo aspecto anatdémico observado en el reumatismo 
reinyectando cepas puras de bacilos tuberculosos en la regién periamigdalina 
del conejo (Altmann y Gerzner). . 

16. Los hechos anteriores indican que la ocurrencia y la recurrencia del reu- 
matismo dependen de una reinfeccién endégena o exdégena, y que las infecciones 
sobrepuestas pueden movilizar focos latentes de bacilos tuberculosos. Pueden 
explicarse el aspecto anatémico y los sintomas clinicos sobre una base alérgica. 
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INGESTION TUBERCULOSIS IN NORMAL AND IN VACCINATED 
RABBITS! 


“Haematogenous Pulmonary Tuberculosis” in Man Considered 
E. M. MEDLAR anp K. T. SASANO 


The manner in which acquired infection with the tubercle bacillus occurs is 
extremely difficult to prove because the progression of the disease is so insidious. 
‘The pathogen may be in residence a long time before demonstrable evidence of 
disease becomes manifest. Several factors may contribute to this situation: 
only a few of the slow-growing bacilli may have gained access to the tissues; the 
virulence of the bacilli may be a deciding factor; the natural resistance of the 
host may slow down the pace of the invader; or the nature of the tissue with 
which the bacillus has come in contact may bear directly on the issue. Two 
schools of thought have gained wide acceptance as to how the initial infection 
occurs, namely, by inhalation of the bacilli or by ingestion. Since pulmonary 
disease is the most common manifestation of tuberculous infection in man those 
who adhere to the ingestion theory of primary infection reason that the bacilli, 
after being swallowed, penetrate the mucosa of the intestine and, after gaining 
access to the blood stream, are filtered out in the capillary bed of the lungs. This 
concept naturally led to the promulgation of the idea that tuberculous infection 
was always a generalized systemic infection. The occurrence of meningeal, 
osseous and renal tuberculosis bolstered up this theory. Not infrequently indi- 
viduals with osseous or renal tuberculosis revealed no demonstrable lesions in 
either lung parenchyma or the mucosa of the intestine, and to explain this 
absence of a primary lesion at a possible portal of entry the theory was advanced 
that tubercle bacilli could penetrate the tissue without producing a lesion at the 
portal of entry. Although a tremendous amount of animal experimentation 
has been done to clarify this problem, confusion still exists. One reason why 
the problem remains unsolved is that, to obtain a high percentage of progressive 
disease in experimental animals, a considerable number of bacilli, probably far 
more than are inhaled or ingested at any exposure in the naturally acquired 
infection, have to be given. This does not apply when the bacilli are introduced 
subcutaneously or into the blood stream, but with these procedures a generalized 
disease is usually produced. ., 

The experimental production of tuberculosis by feeding normal animals tuber- 
culous material from man or cattle was reported by Klenke (1846), Villemin 
(1865), Cheveau (1868) and Klebs (1870) prior to the discovery of the tubercle 
bacillus by Koch (1882). Subsequent to the discovery and isolation of the 
tubercle bacillus on artificial culture media a considerable study of intestinal 
tuberculosis is on record. Ravenel (1) fed normal dogs a paste of butter, water 
and a large number of bovine tubercle bacilli. The dogs were sacrificed three 


1From the Hegeman Memorial Laboratory, Metropolitan Life Insurance Company 
Sanatorium, Mount McGregor, New York. 
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to four hours after feeding and showed no macroscdpical evidence of infection. 
Chyle and mesenteric lymph nodes were collected, injected into normal guinea 
pigs, and in 8 out of 10 instances they developed tuberculosis. Ravenel states: 
“When we remember that the chyle is carried directly into the blood stream 
through the thoracic duct it is easy to understand how it is that infection through 
food may show itself first in the lungs, or, at any rate, that the lesion in the lung 
may be as old as the intestinal lesion.” In a later study by Ravenel and Reichel 
(2) tubercle bacilli were introduced directly into the surgically exposed stomach 
of the guinea pig by syringe. No gross contamination of the operative field was 
observed. Thirty animals were sacrificed four to six hours after the injection 
and the lungs were aseptically removed. Minced lung tissue was injected into 
normal guinea pigs and 18 out of 30 developed tuberculosis. Ten of the animals 
which had had bacilli injected directly into the stomach were allowed to live 
for six weeks. When sacrificed they all showed peritoneal tuberculosis or infec- 
tion of the operative wound. Since the operative field had been contaminated 
with bacilli from the beginning the results obtained from the minced lungs make 
it uncertain as to how the bacilli got there, that is, from the contaminated 
peritoneum or through the blood stream. In this article the work of Baumgarten 
is cited. He found that early intestinal lesions could be demonstrated only by 
microscopical examinations. 

The extensive investigations of the Great Britain Royal Commission on Tuber- 
culosis (3) included among other things a study of intestinal tuberculosis by 
feeding. Cow udders were infected by injecting cultures of bacilli into the 
teats and calves were allowed to suckle after tuberculous disease had become 
well established. These calves developed only a limited tuberculosis of the 
intestine and regional lymph nodes. Monkeys, pigs, goats, rabbits, guinea pigs, 
chimpanzees, dogs, cats, rats and mice were all fed tubercle bacilli from culture 
or tuberculous milk, and all types but rats and mice developed intestinal lesions. 
Tuberculous ulcers were commonly seen in the intestine, especially in monkeys, 
baboon and chimpanzees. Not all types of animals were equally susceptible 
and some that died from a generalized infection showed no macroscopical evi- 
dence of a mucosal lesion in the intestine. To quote from the report: “The 
experiments show that tubercle bacilli can pass through the mucous membrane 
of the alimentary canal without producing lesions at the site of entry. Out of 
the 54 infected animals in which this was the portal of entry only 22 showed 
lesions of the mucous membrane of the alimentary canal. 

“The lungs were often the most severely affected organs in the body, but a 
lesion was always present in the alimentary mucous membrane or nearest gland.” 

Rabbits fed cultures of bovine tubercle bacilli in amounts varying from 1 to 
10 mg. all showed lesions of the gastro-intestinal tract or mesenteric lymph nodes, 
and all animals that lived more than fifty days showed pulmonary lesions which 
varied from a few smali nodules to extensive involvement of the parenchyma 
of the lungs. 

Calmette and Guérin (4) concluded, from animal experiments, that pulmonary 
tuberculosis in man was most commonly caused by the absorption of ingested 
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bacilli without any trace of mucosal lesions. Behring (5) also maintained that 
pulmonary tuberculosis was secondary to an absorption “without mucosal lesion” 
of ingested bacilli. 

Cobbett (6), in experiments with guinea pigs, concluded: ‘Pulmonary tuber- 
culosis in the guinea pig can be readily caused experimentally by inhalation of, 
but not by feeding with, tubercle bacilli. Bacilli placed in the mouth may reach 
the lungs in small numbers, but whether they get there after absorption from 
the intestine or as the result of an accidental entrance into the trachea, as for 
example in choking, cannot be decided definitely. Pulmonary tuberculosis 
does not occur in guinea pigs fed with bacilli except as a part of a generalized 
infection.” 

Carvalho eé al. (7) fed a monkey 100 mg. of virulent human tubercle bacilli 
sealed in a capsule, a sound being used to introduce the capsule into the stomach. 
Several weeks later the animal was very ill and on necropsy was found to have a 
generalized miliary tuberculosis with the pulmonary lesions having an appearance 
comparable to an infection produced by an intravenous injection. 

Saenz (8) fed guinea pigs 5 to 10 mg. of tubercle bacilli mixed with bread. 
All animals developed a chronic progressive generalized disease without mucosal 
lesions in the intestine. 

Boquet and Valtis (9), in experiments with adult guinea pigs, found that it 
was necessary to feed at least .02 mg. of tubercle bacilli to insure an infection. 
If large amounts of bacilli were fed a generalized disease developed rapidly, but 
if the dosage was small then the infection followed the lymph channels with 
successive lymph nodes being involved, and finally the viscera were also infected. 
These authors were unable to demonstrate tubercle bacilli in the intestinal 
contents three days after the animals were fed. 

McConkey and Smith (10) determined that a generalized disease may be 
produced in guinea pigs by feeding tubercle bacilli, and that vaccinated animals 
showed less intestinal and generalized disease than did normal animais. 

Carnot et al. (11) introduced virulent human type tubercle bacilli into a 
Thiry-Vella fistula in a dog and withdrew blood two to six hours later. None of 
the samples caused tuberculosis in guinea pigs. The animal was sacrificed at 
seven hours and specimens of various tissues were cultured. The only growth 
obtained constituted two colonies from the liver and one from the spleen. 

Pezzangora (12) was unable to demonstrate tubercle bacilli in the intestinal 
contents four days after they were fed to guinea pigs. By the tenth day bacilli 
were found by culture and animal inoculation in lungs, spleen and mesenteric 
lymph nodes. At three to four months an extensive generalized tuberculosis 
was always present. 

This partial review of the literature shows that with few exceptions ingestion 
of tubercle bacilli brings about a generalized tuberculosis in due course and 
oftentimes without macroscopical evidence of a mucosal lesion. Baumgarten (2) 
and Medlar and Sasano (13) have been the only authors who have shown that 
early mucosal tuberculous foci can be determined solely by microscopical exami- 
nation of tissue, serial sections often being a necessary part of such an ex- 
amination. 


| 
4 
Bete 
; 


INGESTION TUBERCULOSIS 81 


Our interest in intestinal tuberculosis dates from experimental studies reported 
in 1924 (13). This report deals with our observations on the relation of intes- 
tinal tuberculosis to generalized tuberculosis in the rabbit. 

For several years our experiments were concerned with rabbits that were 
given intravenous inoculation of tubercle bacilli. Evidence of intestinal tuber- 
culosis in these animals was not found unless the animal lived for several months 
after virulent bacilli (bovine type) had been injected. When tuberculous lesions 
were present in the intestine they were almost always limited to the areas of 
lymphoid tissue at the ileocaecal junction and in the distal portion of the appen- 
dix. ‘Twenty-five rabbits that showed tubercles in the intestine were surveyed 
with regard to the relation of these lesions to the tuberculous disease as a whole. 
It was found that all of the animals had survived the infection for more than four 
months, that they all exhibited ulcerative pulmonary tuberculosis and that the 
animals surviving the longest time showed the largest number of intestinal 
lesions. The tubercles in the intestine were invariably small, discrete and 
showed no macroscopical evidence of ulceration. Microscopical studies showed 
that the majority of the tubercles lay deep in the lymphoid tissue next to the 
muscular wall of the organ. Some of those adjoining the mucosa of the deep 
irregular crypts showed slight ulceration through the lumen. Caseation was a 
very common occurrence. There was little, if any, inflammatory exudate in 
the crypts, except in relation to the ulcerating tubercles. Bacilli were always 
few in number in the lesions. 

From this survey two main conclusions may be drawn. First, there was no 
evidence that tuberculosis of the intestine was derived directly from blood 
stream infection. Second, the tuberculous lesions, dependent upon the swallow- 
ing of tuberculous material from an ulcerative pulmonary tuberculosis, tended 
to be discrete and nonprogressive. 

The tuberculous intestinal foci we have described were observed in normal 
and in vaccinated animals. From the data at hand it was evident that vaccina- 
tion per se did not wholly prevent a mild degree of intestinal tuberculosis, espe- 
cially if the vaccinated animals developed a cavitating pulmonary tuberculosis 
and survived the infection for many months. Further experiments were devised 
to determine what relation pulmonary tuberculosis might have to the ingestion 
of-bacilli and what influence vaccination might exert upon the development 
of a generalized disease subsequent to the feeding of bacilli. 


METHODS AND RESULTS 


The experience of other investigators has shown certain definite results. The 
production of intestinal tuberculosis required the introduction of considerable 
numbers of bacilli if a progressive infection was to be obtained consistently. <A 
far greater number of bacilli from a culture was required than when tuberculous 
sputum or tissue was used. The introduction of the bacilli with food or by 
catheter led to a certain amount of infection of the lymphoid tissues in the throat 
and neck. Some degree of uncertainty remained as to whether pulmonary 
lesions were caused by bacilli directly inhaled or by bacilli which had penetrated 


t 
” 
or 
li 
a 
a 
5 : 
d. 
al 
= 
it 
n. 
it 
th 
d. 
al 
Is 
a 
of 
at 
th 
al 
ric 
sis 
on 
nd 
2) 
ni- 
- 


82 E. M. MEDLAR AND K. T. SASANO 


the mucosa of the intestine. A large proportion of the bacilli introduced into 
the intestine in any manner was discharged with the faeces within a few days. 

To meet these problems the following procedure was adopted: 

From three-week-old cultures of virulent tubercle bacilli (bovine type) 20 mg. 
(moist weight) were carefully placed in the distal end of the smaller half of a 
small gelatin capsule. The larger half of the capsule was then put in place and 
the whole affair sealed by dipping into melted gelatin. Capsules so prepared 
were dipped in oil and inserted, through a metal tube, far enough down the 
throat of a rabbit so that they could not be regurgitated and masticated. One 
such capsule was “fed” to each rabbit every week for four to six weeks so that, 
in all, each animal had ingested 80 to 120 mg. of bacilli. 


NORMAL RABBITS 


In a preliminary experiment 22 full grown normal animals, nine to twelve 
months of age, were given one capsule each week for six weeks. Six weeks after 


Figures 1 to 4 show the progression of tuberculous infection in the appendix of normal 
rabbits subsequent to the feeding of virulent tubercle bacilli by capsule. 

Fig. 1. An appendix six weeks after the first feeding of 20 mg. of virulent BCG (bovine 
type of organism). Note the several small tubercles near the tip. 

Fic. 2. An appendix three months after the first feeding. Tubercles are scattered 
throughout the specimen and vary considerably in size. Note the large coalescing lesions 
near the middle of the organ. 

Fie. 3. At four months, shows the distal half of the organ almost solidly tuberculous. 
Tuberculous involvement of the proximal third is very slight, there being only a few small 
tubercles. 

Fig. 4. At seven months, shows a confluent tuberculous process with but a minor portion 
(the darker irregular areas) uninvolved. 

Figures 5, 6 and 7 show appendices from rabbits vaccinated in travenously by a single 
injection of nonvirulent BCG one year prior to feeding, by capsule, of virulent BCGin 
20 mg. doses. 

Fig. 5. An appendix ten months after the first feeding of the bacilli. While the tubercles 
are fairly numerous and vary considerably in size they do not tend to coalesce. The lungs 
from this animal are shown in figure 14. 

Fic. 6. From a rabbit vaccinated one year before and sacrificed thirty-three months 
after virulent bacilli were fed. Note the numerous fairly well circumscribed tubercles in 
the distal two-thirds, with very little involvement of the proximal third. The bulge to the 
right of the tip is a tuberculous lymph node in the mesentery, and to the left is a direct 
extension of the tuberculous process through the wall of the organ. Lesions were present 
in the ileocecal junction and appéndix only. 

Fria. 7. The appendix from a rabbit treated the same way and sacrificed at the same time 
as the preceding animal. The organ is normal except for a few pin-point tubercles, seen as 
whitish points in the photograph. 

Fra. 8. The pair of lungs from a normal rabbit killed three months after the first feeding 
of virulent bacilli. Note that both lungs are about equally involved by the haematogenous 
distribution of the bacilli. The difference in size of the various lesions probably represents 
tuberculous foci of different ages. These lesions are all located peripherally in the lung 
parenchyma. The appendix from this animal is shown in figure 2. 

Fie. 9. Lungs from a normal rabbit fed virulent tubercle bacilli four months before it 
died. Death was due to large subcutaneous abscesses caused by fighting. Here again note 
the bilateral distribution of the lesions from haematogenous ‘‘seeding.’’ The lesions are all 
peripherally located and are larger than at three months. The tendency of isolated lesions 
to progress faster in the more dorsal portions of the lungs is clearly shown. 
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the first feeding 3 animals were sacrificed. Two animals showed small tubercles 
in the appendix (figure 1), ileocaecal regional and mesenteric lymph nodes only, 
and the other showed no gross evidence of infection. Of the remaining 19 
animals, 4 died from nontuberculous causes within four months. All of these 
showed tuberculous lesions in the intestine and mesenteric lymph nodes and 3 
also had pulmonary foci scattered, without pattern, in both lungs (figures 8 
and 9). The remaining 15 animals died from pulmonary tuberculosis in from 
four to twenty-two months subsequent to the first feeding, with an average 
survival time of eight months. All of these animals showed progressive disease 
in the appendix (figures 2, 3, 4), ileocaecal regional and mesenteric nodes. Three 
of the animals presented a miliary pulmonary tuberculosis (figure 10) typical 
of an intravenous introduction of bacilli into the blood stream. In 12 animals 
the pulmonary lesions were more scattered (figure 11) and progressed by local 
enlargement and by bronchogenic spreads from cavitating lesions. The largest 
lesions were usually along the dorsal aspect of the lung and both lungs were 
equally involved. Pleural adhesions over the larger lesions were frequently 
encountered. Tuberculous infection of both kidneys was present to a greater 
or lesser extent in all animals. 


VACCINATED RABBITS 


A second experiment was devised to test the effect of vaccination on ‘‘inges- 
tion” tuberculosis. Rabbits, six to twelve months old, were given a single 


Fria. 10. This animal died at five months. The generalized miliary tuberculosis of the 
lungs is similar in appearance to a rabbit given an initial intravenous infection of virulent 
tubercle bacilli and succumbing to the infection six weeks after the inoculation. Three 
normal animals presented this type of lesion after being fed virulent bacilli. 

Fig. 11. This pair of lungs represents the other type of pulmonary tuberculosis that 
caused death in 12 normal animals. The lesions are less numerous and the individual lesions 
along the dorsal portion of the lungs have progressed. Bronchogenic spreads to the more 
ventral areas are always present. Dense pleural adhesions are present over the large dorsal 
lesions in this specimen and were also present in two other cases. 

Fig. 12. A pair of lungs one month after intravenous injection of 10 mg. of living, non- 
virulent BCG. The large number of minute miliary tubercles represents the height of the 
pulmonary reaction to this inoculation. 

Fia. 13. Lungs seven months after the intravenous inoculation of 10 mg. of living, non- 
virulent BCG. The only visible remnants of the infection are a few scattered small 
tubercles. 

Fic. 14. Lungs from one of the 3 three vaccinated animals which were judged to have 
succumbed to the tuberculous infection brought about by spread of the disease from ap- 
pendiceal lesions. This animal died ten months after the feeding of virulent tubercle 
bacilli. While the lesions have progressed they tend to be circumscribed and nodular in 
appearance. There is little evidence of bronchogenic spreads of the disease in other parts 
of the lungs. 

Fia. 15. The other rabbits dying from tuberculous infection in the vaccinated group 
presented lesions shown in this pair of lungs. The spreading lesions are bilateral and are 
limited entirely to the dorsal portions of the lung parenchyma. In the more ventral por- 
tions a few small bronchogenic spreads are present. Pleural adhesions are present over the 
large lesions. The animal from which the lungs were obtained died sixteen months after 
being fed virulent tubercle bacilli. 
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intravenous injection of 15 mg. (moist weight) of nonvirulent bacilli of bovine 
type (BCG). Eighty animals were vaccinated, half one year and half six months, 
before they were “fed” capsules containing virulent bovine bacilli. These ani- 
mals were housed in groups of 20 in pens of about 100 square feet to simulate 
crowded living conditions encountered in “slums.” A great deal of fighting 
occurred, as was anticipated, and 30 animals died before bacilli were fed. The 
death of these animals was due in large part to infections of the wounds of battles. 
A few died from lobar pneumonia. ‘he 50 surviving animals were ‘‘fed” a 
capsule containing 20 mg. (moist weight) of virulent bovine bacilli once a week 
for four weeks. 

From previous experiments it was known that the height of the tissue reaction 
to the vaccine occurred in about one month (figure 12), and that after a lapse of 
six months (figure 13) practically all of the tuberculous lesions would be resolved. 
A progressive tuberculous infection from the vaccine was so infrequent that it 
would not complicate the interpretation of the results obtained from the feeding 
of virulent bacilli. 

Two normal animals, used as controls, were ‘‘fed”’ bacilli at the same time and 
in the same amount as the vaccinated animals. Both of these animals died from 
generalized tuberculosis, one in sixteen weeks and the other in twenty months. 

Fighting continued among the animals after the feeding of the bacilli and 13 
animals died from wound infections. These animals survived from two to 
eighteen months after bacilli were fed. Seven animals showed a few tubercles 
in the appendix and of these one also showed a few small foci in both lungs. 
Six animals had no macroscopical tuberculous lesions in any organ. Four 
animals died from pneumonia four to twelve months after feeding and no evi- 
dence of tuberculosis was seen. Six animals died from chronic nephritis thirteen 
to twenty-four months after feeding. One animal was free from tuberculous 
lesions, 4 showed small tuberculous foci in ileocaecal junction and appendix 
only, and one showed tuberculous lesions in the appendix, mesenteric nodes, 
lung (2 small lesions) and a tuberculous peritonitis. Two animals were killed 
thirty-three months after being fed, one showing extensive tuberculosis of the 
appendix (figure 6) and ileocaecal junction, and the other a rare, pin-point 
tubercle in the appendix (figure 7). Twenty-two animals died from causes 
undetermined nine to thirty-one months after feeding. Eighteen of these ani- 
mals were free from tuberculous lesions and 4 had small tubercles in the ileocaecal 
junction and appendix, with one also showing a few small tuberculous lesions 
in both lungs. 

The 3 remaining animals died from generalized tuberculosis, ten months, ten 
months and sixteen months, respectively. Each of these animals had tuber- 
culous lesions in the intestine (figure 5), mesenteric lymph nodes, kidneys and 
lungs (figures 14 and 15). The pulmonary lesions presented a picture which 
differed from the usual rabbit lesions in that they tended to. be more localized 
although they were distinctly progressive in nature. One animal (figure 15) 
showed a type of lesion which was often observed in rabbits which had received 
an intravenous injection of virulent bacilli after vaccination (14). The extent 
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of parenchymal tuberculosis was less in these vaccinated rabbits and there was 
less evidence of bronchogenic spread of the disease than in nonvaccinated animals. 
There is no question that the pulmonary lesions were haematogenous in origin 
from the fact that they were bilateral and quite similar in pattern in each pair 
of lungs. 

The results of this experiment can be briefly summarized as follows: Of 48 
rabbits that survived more than two months after the feeding of tubercle bacilli 
11 died as the result of fighting, 4 from pneumonia, 6 from nephritis, 22 from 
undetermined causes, 3 from generalized tuberculosis and 2 were sacrificed after 
surviving for thirty-three months. Twenty-nine presented no evidence of tuber- 
culous infection and 19 had tuberculous foci in the gut. Of the 19 with intestinal 
lesions, 6 showed pulmonary involvement (3 slight and 3 considerable) and one 
had a tuberculous peritonitis. The average survival time of the animals without 
lesions was nineteen months after feeding, those with lesions but dying from 
nontuberculous causes sixteen months and those dying from generalized tuber- 
culosis twelve months. Excluding those dying from infected wounds, the ani- 
mals dying from causes other than tuberculosis survived for twenty-two months 
in the no-lesions and for eighteen months in the small-lesion groups. 


COMMENT 


It has been our experience that tuberculous infection of the intestinal tract 
can be obtained experimentally only if the bacilli are present in the intestinal 
contents. With the introduction of a large number of the organisms in such a 
way that their first contact with the tissues occurs after they have entered the 
stomach a tuberculous infection of the gut can be consistently obtained in normal 
rabbits. We have not attempted to determine whether the bacilli pass through 
the intestinal mucosa very early because our experiments were designed pri- 
marily to study the pathogenesis of tuberculosis with the intestinal tract as the 
portal of entry. We believed that if early penetration of the bacilli did occur 
then evidence of generalized tuberculosis should be obtained in some instances 
without demonstrable lesions at the portal of entry. Nonvaccinated rabbits 
sacrificed at six weeks after feeding was begun showed small tuberculous foci 
in the appendix, ileocaecal junction and mesenteric lymph nodes only. All of 
the animals eventually died from tuberculosis and in no case was there a lack 
of lesions in the gut. 

The theory that tubercle bacilli can be absorbed in a manner similar to the 
absorption of food has to us seemed to take too much for granted. For one 
thing, the entire mucosa of the gut has been assumed to be perfect if no macro- 
scopical pathology was observed. We have pointed out in former communica- 
tions (13, 14) that early tuberculous lesions—those but a few days old—are so 
small that they cannot be demonstrated except by the microscope, and that 
these early lesions are only small foci of inflammation which bear no resemblance 
to a typical tubercle. The only reliable method of determining an intact intes- 
tinal mucosa is by a microscopic examination of serial sections of the entire 
intestinal tract. Apparently this has not been done by those investigators who 
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have promulgated the idea that tubercle bacilli can readily pass a normal mucosal 
barrier. It is true that the damage inflicted in the gut seems insignificant in 
some instances when compared to that produced in the lungs or kidneys, but 
that does not necessarily indicate that nature offered no resistance at the portal 
of entry. Rather it suggests that the tissue of the intestinal tract does not 
afford as favorable a breeding ground for the tubercle bacillus as do certain other 
normal tissues. 

Our observations on ingestion tuberculosis in normal rabbits agree with those 
of Cobbett (6) who found that “pulmonary tuberculosis does not occur in guinea 
pigs fed with bacilli except as a part of a generalized infection.” The same 
conclusions have been reached by other investigators, notably the British Royal 
Commission on Tuberculosis (3). Usually the lungs of the rabbit have been 
the organs most extensively involved, but the bacilli have been very widely 
distributed as is evidenced by the consistent infection of the kidneys. 

A small percentage of the vaccinated animals was unable to develop a signifi- 
cant immunity to infection with virulent bacilli. The length of time after vac- 
cination did not seem to affect the results for there was no more evidence of 
tuberculosis in the animals vaccinated one year than in the group vaccinated 
six months previous to feeding virulent bacilli. Whether the animals with small 
circumscribed and localized lesions would have eventually developed a fatal 
infection cannot be surmised. The tuberculous infection did progress slowly 
and locally for a long time, as demonstrated in an animal sacrificed thirty-three 
months after feeding was instituted. It is apparent that an effective barrier to a 
wide-spread distribution of bacilli has been developed in a high proportion of 
the vaccinated rabbits. 

The results of this experiment would appear to have a bearing on the problem 
of vaccinating human beings against tuberculosis. Vaccination does produce 
a real resistance to a few tubercle bacilli and therefore may be very effective 
against a contraction of the disease. It apparently cannot stimulate an effective 
resistance in all instances. In any large urban population a considerable per- 
centage of individuals has become effectively vaccinated, as is shown by the 
large number of persons who will give a positive tuberculin reaction without 
demonstrable evidence of disease. The small percentage who show a progressive 
disease probably represents those individuals of a population who are unable to 
develop an effective immunity under any circumstance. At least that is the 
explanation the results of our experiment with rabbits would suggest. If this 
is the situation then it would seem unnecessary to vaccinate any individual who 
yields a positive reaction to tuberculin. The vaccination of tuberculin-negative 
individuals is another matter. Such individuals undoubtedly can be protected 
to a degree by vaccination before they receive their infection from mingling 
with unsuspected open cases of tuberculosis. If one bears in mind that a certain 
small percentage of these persons may not be able to develop an effective resist- 
ance under any condition then a much more sensible interpretation of a vaccina- 
tion program can be drawn. The trials that BCG (Calmette vaccine) has been 
given in human vaccination apparently have not taken into consideration the 
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problems discussed in this paragraph. We are stiil of the opinion that living, 
nonvirulent BCG can bring about a considerable degree of resistance but that 
it is not an ideal vaccine because of a possibility that the tubercle bacillus might 
regain its virulence if introduced into a very favorable soil. The set-up neces- 
sary for enhancement of pathogenicity of the tubercle bacillus, as well as for 
any other bacterium, is still unsolved. 

In our experiment the vaccinated rabbits were kept in a crowded and none too 
sanitary environment to determine whether this would influence the tuberculous 
infection. Apparently it did not, although 26 per cent of the animals died from 
infections of wounds received in battle. The average survival of these wounded 
animals was ten months after virulent bacilli were fed. Fifty per cent of these 
animals had small, localized tuberculous foci in the gut but no progressive gen- 
eralized infection was present. The opportunity for any of the animals to ac- 
quire infection from bacilli-laden faeces was small as the floor of their pens was a 
rather coarse chicken-wire. The 3 animals which developed pulmonary tuber- 
culosis apparently did not throw off many bacilli into the air, so that chance of 
infection from this source was not great. . 

While the experiment was in progress a few normal rabbits were allowed the 
freedom of the floor under the pens. This was a concrete floor which was often 
wet from the flushing necessary to preserve a fairly sanitary condition. The 
feet of the animals, nevertheless, were often contaminated with faecal material. 
Twelve animals died from enteric infections or from pneumonia and no evidence 
of tuberculosis was found. If these rabbits did ingest tubercle bacilli, as well 
they might, the number was apparently too small to induce an infection. 

One feature of the pulmonary lesions which developed subsequent to the 
ingestion of virulent tubercle bacilli was that if they were few in number those 
which were located in the higher portions of the lung parenchyma usually pro- 
gressed more rapidly. This was true in both normal and vaccinated animals. 
’ The same phenomenon has been reported by us in vaccinated rabbits (15) where 
virulent bacilli have been injected into the blood stream, and in cattle (16) where 
the infection was acquired naturally. A significant difference between the 
experimentally induced infection in the rabbit and the naturally acquired infec- 
tion in cattle is that single or multiple unilateral lesions were frequently (one- 
third) observed in the infected bovine lungs. This difference argues strongly 
for an air-borne infection in cattle, since no evidence of tuberculous infection 
was found in other organs in the majority of instances. With ingestion tuber- 
culosis the pulmonary lesions were bilateral in distribution even when as few as 
half a dozen foci were present. The similar location of progressing and cavitating 
lesions in rabbits and cattle, and the different location of this type of lesion in 
man, suggest strongly that posture plays an important réle in this phenomenon. 

In recent years considerable emphasis has been placed upon the haematogenous 
origin of many cases of human pulmonary tuberculosis. Grethmann (17) states: 
“Tn the beginning the metastatic hematogenous lesions are apt to favor the upper 
lung fields although not necessarily the apices. But usually there are also detect- 
able, on close examination, lesions in the lower lung fields. There is no uni- 
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formity of distribution.” Zavod (18) suggests the term “lesser circulation 
tuberculosis” to differentiate the condition from acute generalized miliary tuber- 
culosis. Cohen (19) states: ‘‘Focal miliary pulmonary tuberculosis, where the 
dose of organisms is small, produces miliary lesions which are usually confined 
to the upper portions of the lung fields; this is fairly frequent.” Rubin (20) 
writes: ‘‘Haematogenous upper lobe disease need not be the result of a more 
wide-spread process in the lungs. The other lobes may have escaped tuber- 
culous changes from the beginning.” ‘This author goes even further and argues 
for the haematogenous origin of fibro-calcific infiltrations of the apices and of 
subapical cavitation. After stating the reasons for assuming the haematogenous 
origin of the cases he reported, Pinner (21) qualifies his position by stating: 
“These three main factors do not constitute absolute proof of the hematogenous 
origin, but it must be emphasized that such proof is impossible.” Further on 
this author remarks that “hematogenous seeding of tubercle bacilli may lead 
to single foci anywhere in the body, it may produce foci only in certain parts 
of the circulatory system, or it may, as in a miliary tuberculosis, cause a complete 
seeding in all parts of the body.” 

The ideas voiced by the various authors have been gained from the study of 
human tuberculosis where it is impossible to obtain exact data on the patho- 
genesis of the disease. It would appear logical that a clearer concept of this 
problem could be obtained from animal experimentation where the date of 
infection, the mode of infection, the status of the animal before the infection— 
that is, normal or vaccinated—and the size of the infecting dose are known. 
One point of view often asserted is that animal tuberculosis cannot be compared 
to human tuberculosis. It would be just as logical to say that tuberculous 
infection in various species of animals cannot be compared, for there is as great 
a difference between animal species as there is between man and animal. One 
point common to man and animal is that tubercle bacilli may be disseminated 
through the circulation, and in large measure the circulatory systems are com- 
parable. If, then, the same organ, that is, the lung, becomes infected through 
the circulation the pathogenesis of the lesions in that organ should be comparable 
in all species. In the rabbit the lung is a common place for “seeding” of tubercle 
bacilli, especially if the bovine type of organism is utilized. Ingestion tubercu- 
losis leads usually to small numbers of such “seedings” in the beginning. In one 
out of 30 animals we found a solitary tuberculous focus in one lung only. No 
definite pattern of distribution within the lung parenchyma was found if the 
number of foci remained relatively few, but the larger the number the more 
uniform was the distribution of the lesions. No particular area in the lung 
parenchyma was affected but the lesions in certain areas tended to progress more 
rapidly than in others. In no instance was there a complete absence of lesions 
in some other organ, which demonstrates clearly that all of the bacilli were not 
filtered out in the pulmonary capillary bed. From these observations the follow- 
ing deductions may reasonably be drawn. Haematogenous pulmonary tuber- 
culosis is but a part of a generalized tuberculosis even if the number of bacilli 
in the circulation be small. ‘Acute generalized miliary tuberculosis” differs 
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only in that large numbers of bacilli are dispersed* through the blood stream. 
The location of any haematogenous focus depends entirely upon chance, hence 
no definite pattern of a pulmonary involvement can be anticipated unless the 
lesions are fairly numerous. Pulmonary lesions will, in the large majority of 
instances if not wholly, be bilateral. The fate of these lesions will be determined 
by their chance location plus the individual resistance of the host. After a focus 
has once developed it is impossible to determine by macroscopical or micro- 
scopical examination whether it was of haematogenous or aerogenous origin. 
The only way a certain identification of such a focus is possible is to know the 
exact source from which the bacilli came, and this can be determined only from 
animal experiments carefully conducted. 

One point which does not seem to have been considered by the authors who 
favor the idea that a considerable number of cases of pulmonary tuberculosis 
in man is of haematogenous origin is the position of the lesions in relation to the 
volume of lung parenchyma. In man, as in the rabbit and bovine, the caudal 
lobes have a volume appreciably greater than the other lobes, and on the basis 
of distribution by chance, either by air or by the circulation, a greater number of 
lesions should occur in these lobes. This is true in naturally acquired infection 
in cattle, in rabbits subsequent to the ingestion of bacilli, and in the remnants 
of primary parenchymal lesions found in human necropsy material. That it is 
not true in the so-called “haematogenous pulmonary tuberculosis” in man leads 
one to question the validity of such interpretations. The insertion of the diagno- 
sis of haematogenous pulmonary tuberculosis, except as a component of general- 
ized miliary tuberculosis, only adds confusion to the interpretation of the disease. 
To a large extent a simpler and more satisfactory explanation of the behaviour 
of pulmonary tuberculosis in man can be based upon an aerogenous route of 
infection. 

Our studies of intestinal tuberculosis in the rabbit warrant a few remarks on 
this disease in man. The large majority of individuals with pulmonary tuber- 
culosis, even in the minimal stage, probably swallow tubercle bacilli from time 
to time. Studies of fasting gastric contents in “no sputum” cases reveal a sur- 
prisingly high percentage of positive results when individuals rather than number 
of specimens examined are considered. And yet only a small percentage ever 
manifests any clinical evidence of intestinal involvement. It is true that nec- 
ropsy studies of individuals dying from tuberculosis show a significantly higher 
percentage of intestinal disease than is recorded in clinical studies. Necropsy 
- data cannot, however, be taken as a true index of this condition for all tuber- 
culous cases, for they represent the final page in the history of persons who were 
never able to gain a control over their infection. Three explanations for the 
lower incidence in man may be offered from the data on intestinal tuberculosis 
in the rabbit—first, the number of bacilli swallowed may be too small to induce 
an infection; second, the resistance of the individual may be sufficient to prevent 
the tubercle bacilli from gaining a foothold in the intestine even if considerable 
numbers of bacilli are ingested; third, the resistance of the host may enable a 
sharp and local restriction of the infection without a subsequent progression of 
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the disease. One, or any combination of these conditions, may account for the 
relative infrequency of “clinical” intestinal tuberculosis. 


CONCLUSIONS 


No evidence was obtained that intestinal tuberculosis can be produced in the 
rabbit unless the bacilli are ingested. The usual site for these lesions was in the 
lymphoid tissue of the appendix and ileocaecal juncture. 

Intestinal tuberculosis can be consistently produced in the normal adult rabbit 
if a sufficiently large number of bacilli is ingested. The infection introduced 
through feeding invariably terminates in a generalized disease with the lungs 
being the organs hardest hit. 

Vaccinated rabbits were able, in a high percentage of instances, to overcome 
an “ingestion” dosage that uniformly proved fatal to normal animals. Over 
half of the animals revealed no lesions at necropsy and, of those that had lesions, 
only 14 per cent died from a generalized tuberculous infection. Intestinal 
tuberculosis can exist for thirty-three months in a rabbit without the animal 
appearing to be ill. 

Confinement of the vaccinated animals to a “slum” environment did not 
appear to influence the course of the disease. 

The problems of vaccination, of “haematogenous pulmonary tuberculosis’ 
and of intestinal tuberculosis in man are discussed in relation to the data derived 
from animal experiments. 


CONCLUSIONES 


En este estudio no se obtuvieron pruebas de que pueda producirse tubercu- 
losis entérica en el conejo a menos que ingiera bacilos. El sitio habitual de las 
lesiones radicé en el tejido linfatico del apéndice y la unidn ileocecal. 

En el conejo adulto normal puede producirse invariablemente tuberculosis 
entérica haciéndole ingerir una cantidad suficientemente grande de bacilos. 
La infeccién introducida en la alimentacién termina invariablemente en una 
afeccién generalizada que afecta en particular los pulmones. 

En un elevado porcentaje de casos, los conejos vacunados se muestran capaces 
de vencer una dosis “‘ingerida’”’ que resulta siempre letal para los animales 
normales. Mas de la mitad de los animales no revelaron lesiones en las autop- 
sias, y entre los que manifestaban lesiones sdlo 14 por ciento murieron de una 
infeccién tuberculosa generalizada. En el conejo la tuberculosis entérica puede 
existir por treinta y tres meses sin que el animal parezca hallarse enfermo. 

La reclusién de los animales vacunados en un ambiente “malsano” no afecté 
aparentemente la evolucién del mal. 

Disctitense también aqui los problemas de la vacunacidn de la “tuberculosis 
pulmonar hematégena”’ y de la tuberculosis intestinal en el hombre en relacién 
con los datos derivados de los experimentos en los animales. 
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EFFECTS OF AMIGEN AND AMINO ACIDS ON THE GROWTH OF 
TUBERCLE BACILLI 


PAUL D. CRIMM anp VERONICA F. MARTOS 


Proskauer and Beck (1), in 1894, determined the availability of certain com- 
pounds for the nutrition of tubercle bacilli. They found that ammonia and 
the simpler amino acids and acid amides were utilizable as the sole sources of 
nitrogen. The results of investigations by Sperry and Rettger (2) in 1916 indi- 
cated that amino-acid-free peptone was not directly available. In 1920 Ma- 
succi (3) not only confirmed Rettger’s findings, but he also found that it was 
more profitable, in the preparation of tuberculin, to add to the peptone in the 
broth a commercial preparation of free amino acids, as thereby much larger 
yields were secured. 

Armand-Delille, Meyer, Shaeffer and Terroine (4) concluded in 1913 that the 
amino acids are the essential nitrogenous nutrients of the tubercle bacillus. 
They found that arginine and histidine were more favorable for growth than 
the other amino acids tested. In 1920 Long (5) found that alanine, leucine and 
histidine were suitable sources of nitrogen, while the amino acids with the benzene 
ring, tyrosine, phenylalanine and tryptophane did not support growth. 

Later, in 1931, Boissevain (6) too found that not all the amino acids are of 
equal value in the nitrogen metabolism of the tubercle bacillus. In his work, 
glycocoll, leucine and alanine were good sources of nitrogen, while tyrosine, 
phenylalanine and tryptophane did not support growth as well. This author 
concluded that only the alpha-amino acids are utilized by the tubercle bacillus. 

Henley and LeDuc (7) added much to the knowledge of the nitrogen metabo- 
lism of the tubercle bacillus by their study in 1939 of the effects of various ratios 
of nitrogen and glycerol on the growth and metabolism of the organism. From 
their findings it is apparent that the source of nitrogen is of minor importance 
on the rate of growth. A diversity of yields and of final reactions was obtained 
when the concentration of nitrogen in the medium was altered. The most 
favorable concentration of nitrogen was determined to be 0.32 per cent when 
that of glycerol is 8.0 per cent. The acid present at the end of growth is related 
to the proportion of glycerol and the source and proportion of nitrogen, but not 
related to the amount of growth or the rate of growth, nor the amount of glycerol 
consumed. The higher the glycerol and nitrogen ratio, the more acid will be 
the reaction. However, it was also evident that the ratio most favorable for 
rapid growth on one type of medium may not be the most favorable in another 
medium. 

From the foregoing brief review of the literature, it would seem that the problem 
of culturing the tubercle bacillus is not primarily the determination of the essen- 
tial amino acids, but rather it is finding the optimum proportions of compounds 
that affect favorably the rate and amount of growth of the organism. Another 


1 From the Research Laboratory, Boehne Tuberculosis Hospital, Evansville, Indiana. 
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problem is the production of tuberculin, its potency and the freedom from non- 
specific reactions when it is injected. Since casein hydrolysates have such a 
wide application in culture media (Mueller and Johnson (8), 1941), especially 
in the production of diphtheria toxin (Mueller and Miller (9), 1941), and intra- 
venous bacteriophage (Spaulding and Sage (10), 1942) in which it is important 
for the media’s nitrogen to be nonantigenic, it seemed worth while to determine 
the effect of a nonantigenic casein hydrolysate on the cultivation of the tubercle 
bacillus and also on its tuberculin production. 


EXPERIMENTAL 


In our studies, Amigen* (a nonantigenic, enzymatic hydrolysate of casein) 
was used as the sole source of nitrogen, and its nutritive value for mycobacteria 
was compared with that of peptone. The asparagine in Long’s medium also 
was replaced with Amigen and the growth of strain H37 in this medium, which 
contained a mixture of amino acids, was compared to the growth in a synthetic 
medium consisting of mineral salts and purified amino acids. 


METHODS 


The control media used in this work were the usual peptone-glycerol broth 
and Long’s (11) synthetic medium. In the former, 6.0 per cent of glycerol, 
instead of the usual 5.0 per cent, was used and a trace of ferric citrate was added. 
Difco peptone was used. The nitrogen content of this medium was 14 to 16 
per cent. The Amigen media were prepared by substituting 1.0 per cent and 


2.0 per cent respectively of this material for peptone in the glycerol-peptone 
broth (total nitrogen content 12 per cent), otherwise the media were of identical 
composition. Standard Long’s synthetic medium (total nitrogen content 8.5 
per cent) was compared with a similar medium in which the 0.5 per cent aspara- 
gine was replaced with 1.0 per cent of Amigen. The media were dispensed into 
250 ml. Erlenmayer flasks. The reactions of the media were adjusted with the 
aid of a Beckman potentiometer, industrial model, to pH 7.2 and the same instru- 
ment was used to determine the changes in reaction of the inoculated media 
after incubation. The flasks were sealed with cellophane paper to forego the 
harmful vapors of cotton plugs (Drea (12), 1942). The media were sterilized 
at 15 lbs. for twenty minutes. 

For the cultivation of the bovine type, a 50.0 per cent glucose solution was 
sterilized separately and added aseptically to the previously sterilized medium 
prior to inoculation, to give a final concentration of 10.0 per cent glucose. 

The age of the cultures used for inoculation and the size of the inoculum were 
always the same. The standard inoculation was a loopful (2 mm. diameter) 
of a ten-day old culture of H37,? grown on Long’s medium, and of a fourteen-day 
old culture of the bovine type,‘ grown similarly on Long’s medium. The stock 


? Supplied by Mead Johnson & Company, Evansville, Indiana. 
3 Received from the University of Wisconsin. 
‘Hog #2, received from the Phipps Institute. 
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cultures were carried on Corper’s egg yolk medium ((13), 1933). The inoculated 
media were incubated at 37.5° C. 

The rate of growth was determined by noting macroscopically the appearance 
of the pellicle and the amount of surface covered, also the changes of reaction 
of the media. The weight-yield of bacteria developing on each medium was 
determined at weekly intervals. Since there were only slight changes in yields 
and in reactions after the fourth week for the H37 strain, readings are reported 
only through the fourth week. However, for the determination of the strength 
of the tuberculins, the cultures of strain H37 were allowed to grow for six weeks. 

The yield of the cultures was determined (after heating the four weeks old 
cultures in an Arnold sterilizer for three hours) by filtering through thoroughly 
washed, dried and tared filter paper. The cell mass was repeatedly washed 
with physiological saline, until the washings became clear, after which they 
were dried in a drying oven at 80° C. until constant weight was reached. 

For the determination of the potency of tuberculins obtained from the various 
nitrogen sources, six weeks old cultures were treated the same as the four weeks 
cultures, but in addition the filtrates and washings were collected and then 
were concentrated to the original volume of the cultures. 

The tuberculins thus obtained were diluted to the point where, calculated 
from the weight of the dried culture, 0.05 ml. of tuberculin was derived from 
0.005 mg. of bacteria. The potencies of these tuberculins were tested, using 
sensitized guinea pigs. Animals averaging 350 g. in weight and with a negative 
tuberculin test, were sensitized by injecting them subcutaneously with 0.01 mg. 
of killed H37 bacilli in 0.5 cc. physiological saline solution. 


RESULTS 


Comparison of pepione and Amigen broth: Table 1 lists the data showing the 
rates of growth and weight-yields of the two strains on peptone-glycerol and 
Amigen-glycerol broths. Since the data show the rates of growth to be similar 
on both media, the different nitrogen sources apparently had little effect on the 
rate. However, the 1.0 per cent Amigen broth tended to give slightly higher 
weight-yields than the 1.0 per cent peptone broth; the reaction (pH) changes 
in these two media were almost identical. It will be noted that the bovine 
strain showed even less differences in yields on these media than did the H37 
strain. It is of interest that subcultures of both strains were repeatedly grown 
on the 1.0 per cent Amigen broth and that no change in morphology or staining 
reactions were observed. 

Also shown in table 1 are the results obtained with strain H37 when 2.0 per 
cent of peptone and 2.0 per cent of Amigen were used with the same concentra- 
tion of glycerol as in the 1.0 per cent broths. It is noted that the differences 
in yields tended to be more marked while the rate of growth remained the same. 
Of further interest is the fact that, although the reaction of both broths changed 
from the original pH of 7.2 to pH 6.4 after one week’s incubation, the 2.0 per 
cent peptone broth continued to become more acid, reaching pH 5.3, while the 
2.0 per cent Amigen broth reversed its reaction on continued incubation, reach- 
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ing pH 8.3. In this respect the 1.0 per cent and°2.0 per cent peptone broths 
and the 1.0 per cent Amigen broth behaved similarly, whereas the 2.0 per cent 
Amigen broths acted oppositely. 

The lower glycerol-nitrogen ratio (Henley and LeDuc (7), 1939) does not 
explain the changes in reactions in the 2.0 per cent Amigen broth from the acid 
to the alkaline side, since the glycerol-nitrogen ratio in the peptone broth changes 
similarly. The nitrogen content of commercial peptones is estimated to be 
approximately 15.0 per cent, and that of Amigen was determined to be about 
12.0 per cent.5 The higher yields obtained with the Amigen broths, over that 


TABLE 1 


Rates of growth and yields of four weeks old cultures of strain H87 and bovine (Hog # 2) strains 
in peptone-glycerol and Amigen-glycerol broths 


1 PER CENT PEPTONE 1 PER CENT AMIGEN 


Bovine Bovine 


Dry ry 
Pellicle weight | Pellicle Pellicle Pellicle 
formation ‘ i formation formation pe formation 
ml, 


0.100 


1.300 
1.733 


2 PER CENT PEPTONE 


Dry 
Pellicle weight Pellicle 
formation per formation 
100 ml. 


+ | 6.4] 0.26 
++++4+| 5.3} 1.733 
++4++ 5.3] 1.770 


+ Surface area covered. 


of the 1.0 and 2.0 per cent peptone broths, suggest rather that in 2.0 per cent 
Amigen some of the amino acids reach optimal concentrations. Although 2.0 
per cent peptone gives higher yields than 1.0 per cent, it is inferior to 2.0 per 
cent Amigen, and the four weeks’ yield on it is less than the four weeks’ yield 
on 1.0 per cent Amigen broth. 

Since 2.0 per cent Amigen broth gave greater yields than 1.0 per cent Amigen 
broth, it was thought that possibly the Amigen was deficient in one or more 
amino acids, or that the concentration of its components was not adequate in 


5 Data supplied by Warren M. Cox, Jr., Ph.D., Mead Johnson & Company, Evansville, 
Indiana. 


l 
WE Dry age 
100 ml. 
1] + + |7.2}0.080] + | 6.8} 0.132] + | 7.2] 0.06 
2 [+++ ++ ++ ++ ee 
3 |+++4/ 5.3 +++ | 7.4] 0.230 |++++/ 5.3] 0.650 | +++ | 7.5] 0.260 
4 |++++| 5.3 ++++| 7.8] 0.820 |++++] 5.3] 1.920 |++++/ 7.9] 0.860 
2 PER CENT AMIGEN 
Haz | Haz 
Dry 
100 ml. Aine 

&- 
1 + | 6.4] 0.270 
2 | +++ 2 

3 ++++| 8.3] 2.385 
4 | ++++| 8.3] 2.400 

4 


98 PAUL D. CRIMM AND VERONICA F. MARTOS 


1.0 per cent concentration for optimum nutrition of the bacterial strains under 
study. 

One per cent glycerol-peptone broth and 1.0 per cent Amigen broth were 
fortified with the following purified amino acids: l-arginine, dl-alanine, l-aspara- 
gine, dl-aspartic acid, beta-alanine, dl-cysteine, glycosamine, dl-glutamic acid, 
dl-histidine, dl-isoleucine, dl-leucine, dl-lysine, dl-methionine, dl-phenylalanine, 
dl-threonine, l-tyrosine, l-tryptophane, dl-sérine and dl-valine. Each of the 


TABLE 2 


Response of strain H87 to amino acids in peptone-glycerol broths and 
Amigen-glycerol broths* 


PEPTONE-GLYCEROL BROTH AMIGEN-GLYCEROL BROTH 
AMINO ACIDS ADDED 2 MG. PER ML. OF BROTH - 2 

6.8 1.050 7.4 1.450 
6.4 1.300 7.8 1.610 
6.0 1.200 7.6 1.300 
5.9 1.200 7.9 1.340 
6.8 1.176 7.8 0.500 
5.9 1.100 7.2 1.000 
5.8 1.414 7.5 1.300 
5.8 1.100 7.5 1.598 
5.6 1.200 7.4 1.300 
5.9 1.300 7.8 1.400 
 iiccntictednntacevesens 7.2 1.100 7.0 1.000 
di-phenylalanine..................... 6.9 1.260 7.6 1.360 
7.4 1.260 7.8 1.772 
5.8 1.320 7.9 1.500 
5.9 1.000 7.6 1.490 
5.7 1.300 7.8 1.350 
5.9 .800 8.3 1.120 


* Original pH 7.2. 

t After four weeks’ incubation. 
amino acids was added in a concentration of 2 mg. per ml. It is evident from 
the results listed in table 2 that none of the single amino acids significantly 
improved the weight-yield from these media. It is interesting to observe in 
table 2 that the pH of the fortified media are higher than the pH of the respective 
control media. Possibly these figures offer a suggestion why media with 2.0 
per cent Amigen had an alkaline pH and not an acid one. However, higher 
pH is not correlated with higher weight-yield. 

A comparison was also made between 1.0 per cent peptone-glycerol agar and 
1.0 per cent Amigen-glycerol agar. Strain H37 grew in ten days and the bovine 
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type in two weeks on both media. Growth was less abundant in both than on 
Corper’s egg-yolk medium. The addition of 0.01 to 0.1 per cent of lecithin and 
of the lipoid ether extract prepared from egg-yolk in this laboratory when added 
to the Amigen and peptone agars did not promote earlier growth. Increasing 
the peptone and Amigen respectively to 2.0 per cent in the glycerol agars did 
not secure more abundant growth. 

Comparison of Long’s medium and Amigen-mineral-salt medium: Strain H37 
was grown in standard Long’s medium and also the 0.5 per cent asparagine was 
replaced with 1.0 per cent Amigen. The ammonium citrate was omitted from 
this Amigen-containing medium. The results are shown in table 3. Amigen 
supported the growth of the H37 strain and of the bovine type in a mineral salt 
solution, as well as did asparagine and ammonium citrate in Long’s medium. 
The rate of growth of both types of tubercle bacilli in this Amigen medium was 
similar to that in the standard Long’s medium. 


TABLE 3 


Yield of four weeks old cultures of strain H87 and bovine (Hog #2) strain in Long’s 
and Amigen-mineral-salt media 


LONG’S MEDIUM AMIGEN-MINERAL-SALT MEDIUM 
Haz Bovine Haz Bovine 
WEEKS 
Pellicle Weicht Pellicle on t Pellicle Pellicle 
pH formation pH formation pH formation pH 
100 ml. 100 ml. 100 ml. 100 ml. 
&- 
1 + 7.2) 0.100 + 7.2} 0.050 + 7.2) 0.100 + 7.2} 0.070 
2 | +++ ++ 
3 j++++/ 6.9] 0.925 | +++ | 7.9) 0.250 |\++++/ 6.8) 0.930 | +++ | 7.4) 0.250 
4 |++++/ 6.6) 1.318 7.9) 0.830 6.0) 1.210 |++++) 0.704 


+ Surface area covered. 


The growth of small inocula of H37 in the Amigen-mineral-salt medium was 
then compared to the growth of small numbers in Long’s medium. The tech- 
nique for preparing bacterial suspensions and the planting of the dilutions was 
essentially the same as that described by Drea (12). Instead of tinfoil, cello- 
phane paper was used to cover the 50 ml. Erlenmeyer flasks. Six milligrams 
of a three weeks old culture grown on Long’s medium, dried on washed, fat-free 
absorbent paper, was ground in a grinding tube. The tube was 15 x 110 mm. 
outside diameter, into which was ground a 28 x 1 cm. pyrex glass rod, providing 
sufficient rough grinding surfaces. A solution of 0.5 per cent sodium tauro- 
cholate was used as grinding fluid and Long’s medium without glycerol served 
as suspending fluid. Plantings were made from decimal dilutions, calculated 
to give 10-', 10-*, 10-*, 10-*, 10-*, 10-*, 10-7 and 10-* mg. of bacilli (table 4). 

A total of four plantings was made with all the dilutions in both Long’s medium 
and Amigen-mineral-salt medium. In Long’s medium one of the four plantings 
from the 10-* mg. dilution and all four plantings from the 10—7 mg. dilution grew. 
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In the Amigen medium none of the plantings from the 10-* mg. grew and two 
plantings from the 10-7 mg. dilution grew. 

Tests for the potency of tuberculins: The tuberculins from cultures in peptone- 
glycerol broth, Amigen-glycerol broth and Long’s medium were injected in 
0.5 ml. quantities intracutaneously into sensitized guinea pigs. ‘The same tuber- 
culins were tested in duplicates on the same guinea pig. All the tuberculins 
gave positive reactions, comparable to that induced on the control animal with 
0.001 mg. of OT. Further dilutions of above tuberculins were not prepared, 
because the skin test is not sensitive enough to discover minor differences. These 
observations prove that potent tuberculin is produced in the Amigen media. 


TABLE 4 
Growth of small inocula of strain H87 inoculated in Long’s medium* 


VISIBLE GROWTH MG. OF BACILLI INOCULATED (ESTIMATED) 
OF SMALLEST INOCULUM 
IN: 


10-* 10-* 


25 days 
26 days 
29 days ~ 
32 days 


+ = Growth, — = no growth. 
* Results from four different plantings. 


TABLE 5 
Growth of small inocula of strain H87 inoculated in Amigen-mineral-salt medium* 


MG. OF 
a or OF BACILLI INOCULATED (ESTIMATED) 
INOCULUM IN: 


10-¢ 10-5 10-* 


18 days 
20 days 
28 days + 
31 days + + 


+ = Growth, — = No growth. 
* Results from four different plantings. 


Comparison of 1.0 per cent Amigen-mineral-salt medium with a synthetic amino 
acid medium: The composition of the synthetic medium was the following: 
d-alanine 0.15 g., l-arginine 0.8 g., l-asparagine 0.15 g., dl-aspartic acid 0.15 g., 
beta-alanine 0.05 g., dl-alpha alanine 0.05 g., dl-cysteine 0.02 g., glucosamine 
0.10 g., dl-glutamic acid 0.10 g., dl-histidine 0.10 g., dl-isoleucine 0.10 g., dl- 
leucine 0.17 g., dl-lysine 0.10 g., dl-methionine 0.07 g., dl-phenylalanine 0.10 g., 
dl-threonine 0.05 g., l-tyrosine 1.10 g., l-tryptophane 0.05 g., dl-serine 1.16 g., 
dl-valine 0.15 g., 6.0 per cent glycerol and the mineral salts of Long’s medium. 
The medium was dispensed in 25 ml. amounts into 50 ml. Erlenmayer flasks 
and the reaction adjusted to pH 7.2. The flasks were sealed with cellophane 
paper and autoclaved at 15 lbs. for twenty minutes. A loopful of a ten-day old 
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culture of H37, grown on Long’s synthetic medium, was the inoculum. The 
cultures grew on the synthetic amino-acid medium. The appearance of the 
pellicle, however, was delayed for a few days, indicating a slower rate of growth 
in this medium. Yields on this medium did not exceed 0.50 g. per 100 ml. and 
growth did not increase after the third week of incubation. The addition of 
0.5 per cent of ammonium citrate to the synthetic amino-acid medium did not 
change the results. 

It was thought that possibly the Amigen contains some unknown growth 
factor. In subsequent cultures, 0.01 per cent of Amigen was added to the 
synthetic amino-acid medium, without improving the medium. 

The omission of single amino acids from the above mentioned mixture did 
not impair nor improve the growth. The reverse was then attempted. As a 
basic nitrogen source, dl-leucine was chosen, since it supports growth very poorly. 
The basic medium was supplemented by groups of amino acids. Each group 
of amino acids contained 8 mg. of each amino acid. 


Group I 


dl-aspartic acid 
dl-lysine 
l-arginine 


dl-leucine + 


dl-histidine 
dl-leucine + dl-valine 
dl-serine 


Group ITI 


dl-phenylalanine 
1-tryptophane 
dl-threonine 


dl-leucine + 


l-asparagine 

dl-leucine + } dl-alanine 
dl-glutamic acid 
dl-methionine 


Group V 


(dl-alanine 
dl-glutamic acid 
dl-leucine + 


| dl-cysteine 


Group VI 
(dl-histidine 
dl-lysine 
dl-leucine + 1-tyrosine 
dl-threonine 

dl-phenylalanine 


. 
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Group II 
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Group IV 
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dl-serine 
dl-leucine + ; dl-tryptophane 
l-asparagine 


Group VIII 
dl-aspartic acid 
dl-leucine + ;1-arginine 
dl-cysteine 


The combination of phenylalanine, tryptophane and threonine (group III) 
gave a yield of 1.0g. per100 ml. Next came group VII with 0.85 g. per 100 ml. 
However, when compared to the 1.870 g. yield obtained in the 1.0 per cent 
Amigen broth, even groups III and VII were not adequate for optimum growth. 
The other amino acids and their combinations did not support growth as well. 
Evidently, the combination of amino acids in the above groups was unsuitable. 


DISCUSSION 


Both the H37 strain and the Hog #2 bovine strain grew well in a natural 
protein hydrolysate, while the synthetic amino acid medium was less suitable 
for the culture of H37. No specific response to any particular amino acid could 
be detected. None of the amino acids were toxic in concentrations of 0.01 to 
0.1 per cent. Phenylalanine, tryptophane, serine and asparagine seemed to 
be more favorable for growth than the other amino acids. 

Amigen proved to be a very excellent source of nitrogen for both the human 
and bovine types of mycobacteria studied. Although the glycerol nitrogen ratio 
was very close in both peptone (2.0 per cent) and Amigen (2.0 per cent) broths, 
the final reaction of the media remained acid with peptone and turned alkaline 
with the Amigen, suggesting that the final breakdown of the amino acids in 
Amigen medium is carried farther than with peptone. It is also evident that 
amino acids in a natural combination are more suitable for optimal growth than 
a synthetic amino-acid medium. It does not seem likely that a growth factor 
is present in the Amigen. Ammonia is present in sufficient concentration in the 
1.0 and 2.0 per cent Amigen media for the initiation of growth and the addition 
of ammonia to the medium is not necessary. It is interesting to note that in 
liquid cultures 2.0 per cent Amigen gives the best growth, while in solid medium 
there is no greater response to*2.0 per cent Amigen than there is to 1.0 per cent 
Amigen in the growth of the strains studied. 

If Amigen were used instead of peptone in preparing tuberculin, there might 
be less trouble encountered with bothersome nonspecific reactions in the tuber- 
culin test. Also, by giving greater yields, a more potent tuberculin could be 
prepared. 

Contrary to other reports on the growth factors for tubercle bacilli, lecithin 
and the lipoid ether extract from egg-yolks did not shorten the “lag phase’’ of 
strain H37 on Amigen-agar medium when incorporated into the medium. 
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SUMMARY AND CONCLUSIONS 


1. “Amigen,” a casein hydrolysate, is a useful nitrogen source in the cultiva- 
tion of mycobacteria. It substitutes carefully for peptone in glycerol broth and 
for asparagine and ammonium citrate in Long’s medium. The rate of growth 
of strain H37 and of the ‘““Hog #2” bovine strain was essentially the same with 
Amigen as with Long’s medium. 

2. The yields in both peptone and Amigen-broth media were regularly greater 
than in Long’s medium. One per cent peptone should be increased to 2.0 per 
cent peptone to give maximum yields. Two per cent Amigen gives greater 
yields than 1.0 per cent Amigen, and greater yields than 2.0 per cent peptone. 
No marked differences were found in the yields for the bovine type. One per 
cent Amigen is adequate for solid medium. 

3. The Amigen-mineral-salt medium was satisfactory for the cultivation of 
both the H37 and bovine types. The addition of lecithin and the lipoid extract 
of egg-yolks to Amigen-agar medium did not improve the medium. 

4. The smallest number of strain H37 that grew on Long’s medium was 
10-* mg. in one out of 4 cases and 10-7 mg. in 2 out of 4 cases was the number 
that grew on the Amigen-mineral-salt medium. The H37 strain does not require 
a large amount of ammonia for the initiation of growth. 

5. Potent tuberculins were obtained from media in which Amigen was used 
as the only nitrogen source. 

6. A synthetic amino-acid medium gave the lowest yield and the rate of growth 
was slower than on the other media under study. 

7. The amino acids that supported the best growth were phenylalanine, tryp- 
tophane, serine and asparagine. 


SUMARIO Y CONCLUSIONES 


1. “Amfgeno,” un hidrolisato de caseina, representa una fuente util de nitréd- 
geno para el cultivo de bacterias, suplantando perfectamente a la peptona en 
caldo-glicerina, y a la asparagina y al citrato de amonio en el medio de Long. 
La velocidad del desarrollo de la cepa H37, y de la cepa bovina ‘“‘Cerdo 2” viene 
a ser idéntica en Amigeno y en el medio de Long. 

2. El rendimiento en los medios, tanto de peptona como de caldo-Amigeno, 
fué constantemente mayor que en el medio de Long. Para obtener el rendi- 
miento mAximo debe aumentarse la peptona de 1 a 2.0 por ciento. Un 2 por 
ciento de Amigeno da mayor rendimiento que 1.0 por ciento de Amigeno y que 
2.0 por ciento de peptona. No se observaron diferencias pronunciadas cuando 
se trataba del tipo bovino. Para un medio sdlido basta con 1 por ciento de 
amigeno. 

3. El medio de Amigeno-mineral-sal resulté satisfactorio para el cultivo de 
los tipos tanto H37 como bovino. La adicién de lecitina y del extracto lipoideo 
de yema de huevo al medio de agar-Amigeno no mejor6 la calidad del medio. 

4. El ntimero menor de la cepa H37 que proliferé en el medio de Long fué 
10-® mg. en uno de 4 casos, y 10-7 mg. en 2 de 4 casos cultivados en el medio 
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de Amfigeno-mineral-sal. La cepa H37 no necesita una gran cantidad de 


amoniaco para iniciar colonias. 
5. Obtuviéronse tuberculinas potentes de medios en que se empleéd Amigeno 


como tinica fuente de nitrégeno. 

6. Un medio amino-acido sintético fué el que did el rendimiento menor y un 
desarrollo también menos rApido que en los otros medios estudiados. 

7. Los 4cidos aminicos que se prestaron mejor para el desarrollo fueron la 
fenilalanina, el triptéfano, la serina y la asparagina. 
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EXPERIMENTAL TUBERCULOSIS IN HYPOPHYSECTOMIZED RATS"? 
M. MAXIM STEINBACH, CHARLES J. DUCA ann NORMAN MOLOMUT 


It has been shown by Cushing (1) in the dog and by Perla (2) in the albino rat 
that removal of the hypophysis increases the susceptibility of these animals to 
poisons and infections. Impaired resistance following hypophysectomy is asso- 
ciated with disturbance in the utilization of nitrogen, sodium, potassium, sulfur 
and carbohydrate. 

These findings suggested to us that hypophysectomy might lower the normally 
high resistance of the albino rat to experimental tuberculosis. Fifty-nine rats 
were hypophysectomized and subsequently infected. Those surviving the infec- 
tion twenty-eight days or longer and showing physical effects of the hypophysec- 
tomy, such as loss of weight, failure of growth and hypoglycemia, are here re- 
ported. There were 24 of these completely hypophysectomized rats. Litter- 
mate controls were operated on by the same technique except that the hypophysis 
was left intact. 

The Long-Evans strain was used for this study. Rats were sixty-five days old 
at the time of operation and weighed about 100 g. 

Smith’s method of hypophysectomy, as modified by Molomut, was used. The 
hypophysis was approached through the pharynx and, after removing with a 
trephine, a small spicule of bone, just cephalad to the spheno-occipital synchon- 
drosis, it could easily be seen as a pinkish-white body, by using a specially con- 
structed dissection microscope, and removed by suction through a glass tube. A 
spicule of bone or muscle was used to close the small hole in the skull, and the 
wound then closed by the usual method. Although our operative mortality to 
begin with was high, improvement of technique reduced it to about 4 or 5 per cent. 

Postmortem study of the skulls of hypophysectomized rats showed that the 
gland was removed completely in over 90 per cent of the instances. Those ani- 
mals not completely hypophysectomized are not included in the data presented. 

After operation, the hypophysectomized animals were kept constantly at a 
temperature of about 85°F. (improvised cages), and the controls were kept at 
ordinary room temperature (70°F.). Five days after operation, the rats were 
infected intraperitoneally with 1 mg. of a pathogenic bovine strain (B1) of tuber- 
cle bacilli. 

Data are presented on 24 completely hypophysectomized rats which survived 
the operation twenty-eight days or more, and on litter-mate controls operated 
and maintained for equal periods. From the twenty-eighth day on, the animals 
were sacrificed at intervals or, when an operated animal died, the comparable 
control was sacrificed and autopsied at the same time. Seven of the hypophysec- 
tomized infected animals died, while all the controls were sacrificed. During the 


1 From the Department of Bacteriology, College of Physicians and Surgeons, Columbia 
University, New York City. 
2 Aided by a grant from the National Tuberculosis Association. 
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experimental period the hypophysectomized animals lost an average of 33 g., 
while the controls gained an average of 37 g. 

At autopsy the degree of tuberculosis present in lungs, liver, spleen and omen- 
tum was graded arbitrarily from 0 to 4, representing a range fromno visible 
lesions to maximal confluent nodular disease. Tissues were checked microscopi- 
cally and there was excellent agreement with the gross findings in the degree of 
involvement. The lesions consisted of epithelioid tubercles with some lympho- 
cytes and polymorphonuclears, but no caseation was found at any time. The 


TABLE 1 
Hypophysectomized rats 


DEGREE OF TUBERCULOSIS 
DAYS AFTER 


INFECTION 


Spleen 


2+ 
0 
1+ 
0 
1+ 
0 
0 


K 
D 
D 
K 
K 
K 
K 
K 
K 
K 
K 
D 
D 
K 
K 
K 
K 
K 
D 
K 
K 
K 
D 
D 


Average 


heart’s blood was also studied for the presence of bacteria, by injecting 1 cc. of 
blood from each of 11 hypophysectomized rats and the blood of each of 11 con- 
trols, intraperitoneally, into an adult guinea pig. All these guinea pigs developed 
tuberculosis, but those injected with the heart’s blood of hypophysectomized rats 
developed distinctly more severe tuberculosis than the animals that had received 
the blood of the controls. 
RESULTS 

The results are summarized in tables 1 and 2, which show that the hypophysec- 

tomized animals, on the whole, developed more severe tuberculosis than did the 


RAT KILLED OR 

Lungs Liver Omentum | Summary 
cae 122 20 0 2+ 2+ | 2+ 
12 48 0 2+ 4+ | 2+ 
ee 16 2+ 2+ 1+ | 2+ 
ak 102 1+ 1+ 4+ | 2+ 
oo 103 2+ 1+ 1+ | 1+ 
oe a 104 1+ 1+ 4+ 2+ 
ae 105 1+ 1+ 0 1+ 
a 106 0 1+ 0 1+ 
bl 129 0 1+ 1+ 1+ | 1+ 
a 131 3+ 1+ = 3+ | 3+ 
13 1+ 2+ 3+ | 2+ 
18 4+ 2+ 2+ | 2+ 
ae 55 0 2+ 4+ | 24 
92 0 0 0 
oe 93 0 0 0 0 

au 116 0 0 0 0 
Seg 117 0 0 0 0 

ae 118 0 0 0 0 
38 0 0 1+ | 1+ 
hae 42 1+ 0 4+ | 2+ 
he 39 3+ 0 0 2+ 
48 4+ | 2+ 
62 2+ 0 4+ | 2+ 
a 

> 
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controls. Moreover, the heart’s blood of the hypophysectomized rats apparently 
contained more bacilli than that of the controls, since guinea pigs infected with 
equal amounts of blood from both groups showed distinctly more tuberculosis 
when the blood of the former was used. 

Since the ablation of the hypophysis causes noteworthy changes in all other 
endocrine glands, for instance the suprarenal and the spleen, the specific basis of 
the lowered resistance to tuberculosis which is manifested in the hypophysec- 
tomized rat is difficult to determine. Furthermore, the metabolic disturbances 


TABLE 2 
Controls 


DEGREE OF TUBERCULOSIS 
KILLED OR | DAYS AFTER 
DIED INFECTION 


Liver Spleen Omentum 


2+ 0 
0 
2+ 
0 
1+ 
0 


+ 


K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 


So 


following hypophysectomy, although wide-spread and significant, cannot be 
directly related to resistance against tuberculosis. For instance, Molomut (3) 
has shown that ablation of the hypophysis renders the rat susceptible to anaphy- 
lactic shock. However, the direct relation between the hypophysis and the 
adrenal cortex, the spleen and lymphoid tissue (Smith (4), Perla (5)) suggests 
that the explanation of this loss of resistance may be found in the atrophy of these 
three organs which occurs in hypophysectomized animals. This is a question 
which we believe to be worthy of further detailed study. 

In Molomut’s experience, only about 8 or 10 per cent of hypophysectomized 


RAT 
NUMBER 
125 0 1+ eye 
126 | 1+ 
107 0 0 
108 0 1+ | 
109 0 1+ 
110 1+ 1+ 
14 1+ 1+ Mess 
15 0 0 ae 
58 1+ 1+ bs : 
90 0 0 
0 jo 
112 0 0 
113 - 0 0 
114 0 0 
45 0 1+ 
1+ | 1+ 
53 0 0 ie 
60 0 1+ 
122 0 2+ Seg 
121 0 0 
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rats died sooner than seventy-five days postoperatively. None of these animals 
had been deliberately infected. Since our methods of operation and postopera- 
tive maintenance were the same as Molomut’s, it appears that the failure of our 
hypophysectomized rats to live more than thirty-five days after operation may 
have been due to infection with the tubercle bacillus. 


CONCLUSION 


The resistance of the rat to experimental tuberculosis is markedly lowered fol- 
lowing hypophysectomy. 


CONCLUSIONES 


La resistencia de la rata a la tuberculosis experimental disminuye decidida- 
mente después de la hipofisectomia. 
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LABORATORY NOTES 


CARBOL FUCHSIN IN PROPYLENE GLYCOL FOR RAPID STAINING 
OF THE TUBERCLE BACILLUS’? 


Preliminary Report 
THERON G. RANDOLPH anp ROBERT F. MIKELL 


The ability of propylene glycol to penetrate cellular structures and the fact 
that it is a common solvent for water, lipids and various dyes (1, 2, 3) suggest its 
use in staining the tubercle bacillus. Our preliminary observations indicate that 
a mixture of propylene glycol, basic fuchsin, phenol and water permits rapid and 
effective staining of this organism. 

Optimum staining qualities result from the use of stock solutions prepared as 
follows: 1 g. of basic fuchsin is added to 100 ce. of propylene glycol. This is solu- 
tion A. Five grams of phenol in 100 cc. of distilled water is solution B. Solu- 
tion A is mixed with solution Bin the proportion of 1:4, and this mixture is 
shaken vigorously until completely mixed, a process which usually requires only a 
few seconds. This appears to be a stable solution as it has remained at room 
temperature for over two months without deterioration or variation in staining 
ability. 

The slide with the smear to be stained is immersed or flooded in the solution for 
a minimum of four minutes but may be left fora longer period. It is then washed 
with tap water, destained in acid alcohol and then counterstained with either 
methylene blue or brilliant green. The decolorizing process requires from forty- 
five to sixty seconds, and the counterstain is applied for a similar period. 

Using this method of staining we have been able to detect the tubercle bacillus 
in all samples of raw sputum and caseous material which were found to be positive 
by the Ziehl-Neelsen stain. There has been a similar agreement with negative 
samples. The organisms stain a bright red and are readily recognized against the 
background of the counterstain. 

In this medium the tubercle bacillus stains at room temperature, eliminating 
the heating process of the standard Ziehl-Neelsen technique. The absence of 
precipitated or dried dye on the slide permits a more rapid, uniform and complete 
decolorization, reducing the possibility of error resulting from non-acid-fast 
bacteria retaining the red stain. The slide may be left in the stain for variable 
periods of time without danger of overstaining. In this respect the flexibility of 
the method is an obvious advantage in conserving the time of the laboratory 
technician. 
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LOEWENSTEIN’S MEDIUM! 
An Improved Method of Preparing It 
RUBY G. KELLY ann EUGENE A. MURPHY 


For many years the favorite medium for culturing tubercle bacilli in this lab- 
oratory has been that of Loewenstein, as modified by Jensen (1). In preparing 
the medium most of the directions given by Jensen have been followed. How- 
ever, we have found it advisable to inspissate the medium in the Arnold sterilizer 
only once instead of on two successive days as recommended’ by Jensen. The 
single inspissation leaves a moister medium which yields positive cultures in an 
appreciably larger proportion of cases than the drier, twice inspissated medium. 
This method of preparing the medium proved satisfactory until the fall of 1942 
when an abrupt increase in the number of contaminated tubes was observed. In 
one experiment, for example, more than 50 per cent of the tubes of Loewenstein’s 
medium were found contaminated, all of them with a moist, gray growth which 
eventually brought about complete liquefaction. Since the material planted on 
the tubes contained no pyogenic bacteria the medium itself immediately became 
suspect and a careful scrutiny of its ingredients was instituted. 

There had been no change in the method of preparing the medium. How- 
ever, a new package of potato flour had recently been opened and it was soon 
discovered that this potato flour contained the spores of a saprophytic soil bacillus 
similar to the contaminant mentioned above. These spores were resistant to 
ordinary sterilization of the medium by inspissation and, frequently, would 
develop only after several days of incubation. Thus our customary twenty- 
four to forty-eight hour trial incubation of the medium failed to reveal all of the 
contaminated tubes. 

The difficulty with the potato flour was easily remedied. It was found that all 
of the spores could be killed by subjecting the potato flour to hot air sterilization 
at 130° C. for two hours. This hot air sterilization has no deleterious effect on 
the flour. At the present time our modified procedure for making up Loewen- 
stein’s medium is as follows: 


LOEWENSTEIN’S MEDIUM (MAYBURY SANATORIUM) 


(a) Mineral salt solution: 


Anhydrous potassium sulphate, 1.2 g. 
Anhydrous magnesium sulphate, 1.2 g.? 


1From the Wm. H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sanatorium), 
Northville, Michigan. 

2 The formula for Loewenstein’s medium as given in the Report of the Committee on 
Standard Laboratory Procedure of the American Trudeau Society (2) recommends using 
only 0.12 g. of magnesium sulphate for this amount of the medium. This follows the 
formula as given by Jensen (1). However, Loewenstein’s own formula (3) calls for the 
same amounts of both potassium sulphate and magnesium sulphate, which are the propor- 
tions used in this laboratory. An experiment is in progress to determine the relative 
merits of medium made as described above and medium made with one-tenth as much 
magnesium sulphate. 
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Magnesium citrate, 0.3 g. 
Asparagin, 1.8 g. ° 

Glycerin, 6 cc. 

Distilled water to make 300 cc. 


Heat to dissolve; place in Arnold sterilizer at 100° C. for two hours; allow to cool at 
room temperature over night. 


(b) Starch solution: Put 15 g. potato flour in a small beaker. Cover with filter paper 
or a watch glass and place in hot-air sterilizer at 130° C. for two hours. Allow to cool. 
Pour this potato flour into the mineral salt solution. Heat over water bath at 56° C., 
stirring frequently, for one and one-half hours. 


(c) Egg fluid: A dozen clean hens’ eggs, less than a week old, are placed in 70 per 
cent alcohol for ten to fifteen minutes. They are broken under sterile conditions into a 
sterile container and the yolk and white thoroughly homogenized by stirring or shaking 
in a mechanical mixer. The dozen eggs should yield approximately 500 cc. of egg fluid. 
Pour directly into the potato-flour-salt solution and mix thoroughly by shaking. 


(d) Add 10 cc. of a 2 per cent aqueous solution of malachite green. (Note: This 
malachite green solution should be made previous to using and allowed to stand in incu- 
bator at 37° C. over night.) Mix thoroughly and filter through sterile gauze. Tube and 
slant. Place slanted tubes in inspissator at 50° C., and run slowly up to 75°C. (This 
should take about one and one-half hours.) Hold at 75° C. for fifteen minutes. No 
further inspissation is necessary. 


The results of this slight change in the technique of making Loewenstein’s 
medium were dramatic. As already mentioned we had just been experiencing 
contamination of more than 50 per cent of the planted tubes. From the suc- 
ceeding batch of medium, made from the same ingredients and prepared in 
identical fashion save for the hot-air sterilization of the potato flour, 228 tubes 
were planted and incubated the full sixty days before a single instance of con- 
tamination was encountered and this, presumably, came from the inoculum. 
It seems evident that dry-heat sterilization completely eliminates the danger of 
contamination from the potato flour. 
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AMERICAN TRUDEAU SOCIETY 


Report of the 30th Annual Meeting of the Mississippi Valley Conference on 
Tuberculosis and the Mississippi Valley Trudeau Society, 
Chicago, September 8-9, 1943 


Dr. John H. Skavlem, Secretary-Treasurer 


The Mississippi Valley Trudeau Society met at the Edgewater Beach Hotel, 
Chicago, Illinois, September 8 and 9, 1943. It was an abbreviated session with 
only one full day of meetings on September 9 and the X-ray Conference was 
held on the evening of September 8. The following program was presented: 

EVENING PROGRAM 
8:00 p.m., Sept. 8, 1943 
X-ray Conference—Presiding, John H. Skavlem, M.D., Cincinnati, Ohio 
MORNING PROGRAM 


9:00 a.m.—Sept. 9, 1943 
Presiding—H. Stuart Willis, M.D., Maybury Sanatorium, Northville, Michi- 


gan 
Transient Infiltration of the Lung Parenchyma Associated with Eosinophilia— 


Everett Geer, M.D., St. Paul, Minnesota 

Disodium Formaldehyde Sulfoxylate Diaminodiphenylsulfone Diasone in Clini- 
cal Tuberculosis—Charles K. Petter, M.D., and Werner 8. Prenzlau, M.D., 
Lake County Tuberculosis Sanatorium, Waukegan, Illinois 

Roentgenological Findings in Pulmonary Tuberculosis in Cases Studied at 
Great Lakes Naval Station—Commander Chester H. Warfield, Great Lakes 
Naval Station, Chicago, Illinois 

Rheumatic Heart Disease—Commander H. B. Sweetser, Great Lakes Naval 
Station, Chicago, Illinois 


NOON LUNCHEON 


Presiding, Frank L. Jennings, M.D., President, Mississippi Valley Trudeau 
Society 
Remarks—H. Stuart Willis, M.D., President-Elect 
John B. Barnwell, M.D., President, American Trudeau Society 


AFTERNOON SESSION 
2:00 p.m. 
Presiding—Julius B. Novak, M.D., Chicago, Illinois 
The Discovery and Disposition of Cases of Tuberculosis in The Army of the 
United States—Esmond R. Long, Lieut. Col., Medical Corps, U. S. Army 
Calcified Lesions in the Lung—Henry C. Sweany, M.D., Chicago, Illinois 
112 


4 
re 
4 
ge 
: 


AMERICAN TRUDEAU SOCIETY 113 


BUSINESS MEETING 


At the business session held September 9, the following new officers were 
nominated and elected. 


Dr. Loren L. Collins, Ottawa, Illinois—President-Elect 
Dr. Oscar Lotz, Milwaukee, Wisconsin—Vice President 
Dr. John H. Skavlem, Cincinnati, Ohio—Secretary-Treasurer 


About 350 persons registered for the combined sessions of the Mississippi Val- 
ley Conference on Tuberculosis and the Mississippi Valley Trudeau Society 
and 120 members registered for the Mississippi Valley Trudeau Society. All 
members in attendance displayed and expressed keen interest and pleasure in 
the meetings. 

The Presidential Luncheon, at which we were privileged to hear messages from 
Dr. Frank Jennings, President, Dr. Stuart Willis, President-Elect and also from 
Dr. John Barnwell, President of the American Trudeau Society, drew such a 
crowd that reservations had to be closed. Those gaining admittance heard 
messages of inspiration and challenge. 

We are grateful to the local committees and members for the splendid ar- 
rangements made for our comforts in the hotel and meetings. 
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